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Chapter 1: Introduction
1.1 Statement of Purpose 
 Many rare examples of nineteenth and twentieth century mausoleums possess 
remarkable interiors replete with decorative arts created by prominent artists such as John 
La Farge and Louis Comfort Tiffany. The significant monuments and their interiors are now 
deteriorating and at risk of loss. Today, there has been a renewed interest to document, 
record, and preserve them. 
 This thesis aims to examine and analyze the interior Tiffany glass mosaics of the 
Harris C. Fahnestock mausoleum within The Woodlawn Cemetery in the Bronx, New York 
and develop a conservation program for treatment and its’ maintenance. Research will 
include: a brief historical overview of the design and commission of the tomb and its 
decoration, a technical study of the fabrication and installation of the interior Tiffany 
mosaics, and a condition survey to record current damage and ascertain past and active 
deterioration mechanisms. The previous research will be complemented by analysis of the 
current materials, and a conservation program will then be developed for remedial and 
long-term preservation based on a literature review of current approaches and treatments. 
1.2 Methodology 
 This thesis utilized archival research, structural physical investigation, and 
material analysis to develop a conservation program for the restoration of the 1896 
Tiffany glass mosaics of the Fahnestock Mausoleum. Considered in the larger context of 
glass mosaics of the 19th century, specifically mosaics produced within Louis Comfort 
Tiffany’s Glass Studio, a complete picture of the importance of the Fahnestock tombs 
mosaic and its importance within Woodlawn Cemetery’s extraordinary collection funerary 
decorative arts becomes apparent. 
 Documentation of the small yet complex mausoleum interior required a 
classification system in order to effectively record and assess the nine interior glass mosaics: 
one dome, four lunettes, and four pendentives. A system was devised to locate each 
2
mosaic by type, pattern, and location. (see Appendix A) All areas display visible 
deterioration in varying degrees. Four major factors are responsible for the deterioration of 
the Fahnestock mosaics: inherent composition of the setting mortars, installation and 
structural context, interior environment, and use/maintenance
 Three research goals were identified from the onset:
•	 First, to complete historical research on the design and alteration 
of the mausoleum and to characterize Tiffany’s techniques of 
installation;
•	  Second, to document the individual types and patterns of glass 
mosaics used in the interior of the Fahnestock Mausoleum and 
to identify the different conditions and decay mechanisms. 
This includes a study of the condition of the mausoleum and its 
interior environment, as it has contributed to mosaic and masonry 
deterioration; 
•	 Third, to identify potential conservation methods that are most 
appropriate for these mosaics in a cool, humid environment.
 The site was visited on several occasions in order to document and record the 
mosaics and substrate conditions. During the visits, representative samples were carefully 
removed from deteriorated areas from the three types of mosaics (dome, lunette, and 
pendentives) and brought back to the Architectural Conservation Laboratory of the 
University of Pennsylvania for further examination and analysis. Samples of fallen glass 
tesserae from the dome were collected and further documented; none of the glass tesserae 
were analyzed due to their excellent condition. Executed tests included characterization of 
the grout, mortar and substrate samples and the presence of soluble salts. These analyses 
and tests assisted in the understanding the deterioration process of the materials providing 
insight into the installation technique and further confirmation of Tiffany’s original material 
selection for mosaic Installation.
 Throughout October 2012 and November 2012, a condition assessment was 
conducted in situ to determine the current conditions of the glass mosaic. A set of measured 
architectural drawings by the mausoleum’s architects, Peabody and Stearns, served as a 
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base reference for photo rectification of the mosaics within the mausoleums interior. 1  (see 
Appendix B)
 During the first site visit, the mosaics were photographed, measured, and visually 
examined to establish initial conditions. Due to the complexity of the interior space, and 
especially curved surfaces (lunettes pendentives, and a domed ceiling), a recording 
methodology was prepared to ensure accuracy and documentation of the mosaics complete 
surface. Architectural drawings were used to rectify the pendentives and lunettes, where full 
representation was achieved with little to no distortion, only aesthetic adjustments in Adobe 
Photoshop had to be made to account for the cast shadows on the surfaces due to lighting 
limitations within the interior space. However, the domed ceiling was an entirely different 
situation. Considering the curved volume and the desire to avoid distortion from flattening 
to allow a meaningful depiction of conditions, a precise methodology was created to ensure 
accuracy and minimize distortion. Thus the domed ceiling was essentially unwrapped and 
graphically depicted in an accurate representation of the entirety of the domed mosaic 
surface. (see 5.1 Documentation and Representation) 
 Once the interior mosaics were fully documented photographically, in subsequent 
visits, fieldwork was conducted to record preliminary conditions. This fieldwork was based 
on the Mosaic In Situ Project: Illustrated Glossary developed by the Getty Conservation 
Institute and Yaritza Hernández’s thesis, A Technical Study and Conservation Proposal for 
the Glass Mosaic Decoration of Villa Caparra in Guaynabo Puerto Rico.2 3 The rectified images 
were divided appropriately as sections and used as a base map to record condition with an 
overlay of acetate and colored markers. Due to the small scale of the mosaic tesserae central 
scaffolding unit was built on the interior of the mausoleum, which allowed for accessibility 
to the higher areas of the domed ceiling for thorough inspection, in particular to ‘sound’ the 
mosaics surface for any at risk areas of tesserae detachment. Once all conditions were fully 
1.  All of the available architectural drawings for each historic mausoleum with The Woodlawn Cemetery, 
including any correspondence letters with the family were donated by The Woodlawn Cemetery to Colum-
bia Universities Avery Architectural and Fine Arts Library Collection. 
2.  The Getty Conservation Institute. “Mosaic In Situ Project: Illustrated Glossary” (Los Angeles: The Getty 
Conservation Institute, 2003). 
3.  Yaritza Hernández, “A Technical Study and Conservation Proposal for the Glass Mosaic Decoration of 
Villa Caparra in Guaynabo Puerto Rico” (M.Sc. diss., University of Pennsylvania, 2010). 
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recorded, the rectified photography was scaled and referenced in AutoCAD 2012, where all 
conditions were traced and transferred into ArchGIS to complete the condition-mapping 
component of this thesis. 
 Analysis of the material composition of bedding mortar and substrate samples and 
their condition was performed with different techniques, such as optical polarized light 
microscopy of thin sections, gravimetric analysis, chemical spot testing, pH testing. Each 
of these samples was used as a means of comparison to help identify possible decoration 
campaigns and to confirm original materials used by Tiffany according to archival sources. 
Salt efflorescence found on the mortar and grout surfaces was also analyzed by means of 
semi-quantitative salts strips and x-ray diffraction. 
 The remainder of this document discusses the relationship between the mausoleum 
construction and the interior mosaic decoration, relating the prevalent deterioration 
mechanisms to the patterns of conditions visually present.  This in turn allows for 
consideration of possible conservation treatments to me made and properly prioritized. 
Recommendations for conservation treatments are based on the analysis of the specific 
conditions identified, the material composition, and a literature review of conservation 
techniques. The goal of this thesis thus aims to provide a graphic and photographic record 
of the current status of the mosaics ornamenting the Fahnestock Mausoleum, to shed light 
on the intricacies of the mosaic techniques of Louis Comfort Tiffany and his glass mosaic 
decoration, and to provide recommendations to aid in future conservation efforts for the 
Fahnestock tombs glass mosaic and the larger realm of glass mosaic conservation.
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Chapter 2: History and Context 
2.1 Nineteenth Century Mausoleums 
 The late nineteenth century was a time when deaths were memorialized in a 
personal and conspicuous manner of display equal to an individual’s wealth and status. For 
America’s illustrious tycoons, the final resting place was not in the ground but instead in 
the interior walls or floors of above ground mortuary structures or mausoleums otherwise 
known as ‘above interments’. 4 Nineteenth century America was a society of great wealth 
and individuality. Starting in the 1830s, this expression of identity was seen throughout the 
county’s rural cemeteries, scattered with impressive mausoleums, as grand as those found 
for the powerful rulers of Antiquity.5 With money to spend and a statement to be made, a 
mausoleum was the perfect way to leave the world remembered.  Mausoleums filled the 
landscapes of the rural cemeteries and defined the Golden Age of American mortuary 
architecture, which continued roughly until the start of the Great Depression (1880-1920).6 
Prompted by the industrial and political revolutions in Europe and America near 
the close of the eighteenth century, the lower and middle class gained power and influence 
as the new century progressed.7 A new stable society developed where Americans began to 
project optimism and pride in their identity, fostering the desire of individuals to materialize 
their status and family heritage. 8 As wealth became a reality for many individuals, tangible 
symbols that reflected identity, power and respect were erected in the form of impressive 
mausoleums, thusly displaying the recognition and commemoration one deserved or 
believed to have deserved. This domestic manifestation of materialized mourning 
intensified and brought a rise to commemorative arts because of the contributions of two 
practical influences: the widespread public acceptance of regional non-sectarian cemeteries 
based on popular European models and the dramatic growth and transformation of the 
4.  Douglas Keister, Going Out in Style: The Architecture of Eternity (New York: Facts on File, Inc., 1997), 1.
5.  Keister, Going Out in Style: The Architecture of Eternity, 1. 
6.  Keister, Going Out in Style: The Architecture of Eternity, 1. 
7.  Richard E. Meyer and Peggy McDowell. The Revival Styles in American Memorial Art (Bowling Green, 
Ohio: Bowling  Green State University Popular Press, 1994), 5. 
8.  Meyer and McDowell, The Revival Styles in American Memorial Art, 5. 
6
quarry and monument industries of the period. 9 (see Figure 2.1) These monuments we 
certainly not built to go unnoticed, however by their silent presence they provided a 
unique opportunity to reflect the dominant values and tastes of the period; a silent city of 
statements.
The architectural design of mausoleums became an American obsession.  By 
definition, a mausoleum is a large imposing tomb, containing crypts and entered through 
a doorway.10 However, for such a simple definition the display of character and variety 
transcends its basic definition. From bankers to industrialists to entrepreneurs, anyone with 
money and the ambition to go out in an ostentatious way committed their mortal remains 
9.   Meyer and McDowell, The Revival Styles in American Memorial Art, 13.
10.  Keister, Going Out in Style: The Architecture of Eternity, 147.
Figure 2.1: Mausoleum Builders, Late 19th Century (source: Keister, Douglas, Going Out in 
Style: The Architecture of Eternity (New York: Facts on File, Inc., 1997),8).
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to a showy mausoleum.11 The mausoleum was the burial choice for the rich and through 
its dramatic design; a reflection of the individual’s identity and societal achievement was 
demonstrated. During the eighteenth and nineteenth century, the discovery of ancient ruins, 
such as Herculaneum and Pompeii, influenced architects and artists alike to reinterpret the 
architecture of the Ancients into Americans’ elite burial grounds; symbolizing permanence, 
power, and individuality.12 Designs were inspired by those from Antiquity, for instance, 
influential Italian architect/illustrator, Giovanni Battista Piranesi, created hundreds of 
etchings of Roman funerary and mortuary architecture which fueled the inspiration of 
architects for designs for their wealthy clients.13 (see Figure 2.2) From Egyptian pyramids to 
Islamic domes, architectural vocabulary in the Classical, Baroque, Gothic, Egyptian, or Near 
Eastern mode permeated the landscape of the dead. (see Figure 2.3) 
 There was serious competition amongst the wealthy where hundreds of thousands 
of dollars could be spent for an architecturally splendid home for the family’s’ mortal 
11.  Keister, Going Out in Style: The Architecture of Eternity, 1. 
12.  Keister, Going Out in Style: The Architecture of Eternity, 12.
13. Leonard V. Huber et al., New Orleans, Volume III: The Cemeteries (Gretna, Louisiana: Pelican Publishing 
Company, 1974), 72.
Figure 2.2: Sketch of Giovanni Battista Piranesi, 18th Century (source: Huber, Leonard V. et 
al, . New Orleans, Volume III: The Cemeteries. (Gretna, Louisiana: Pelican Publishing Company, 
1974), 72)
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Figure 2.3: Classical Revival Style (Left) and Gothic Revival Style (Right). (source: Keister, Douglas, Going Out in 
Style: The Architecture of Eternity (New York: Facts on File, Inc., 1997), 36)
Figure 2.4: Dunlop Mausoleum Interior, Woodlawn Cemetery. (source: Keister, Douglas, Going Out in Style: The 
Architecture of Eternity (New York: Facts on File, Inc., 1997), 50)
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remains, thus turning cemeteries into show cases for the rich.14 Granite was the material 
of choice by the end of the century, usurping marble and sandstone earlier. While most 
mausoleums were meant to impress, their less visible interiors, often concealed from public 
view, were often decorated as lavishly as the exterior. These monuments contained great 
examples of art; ranging from stained glass, decorative mosaics, statues, bas-reliefs and 
candelabra, produced by significant artisans such as Tiffany Studios of New York.15 (see 
Figure 2.4) 
 Seen as an outdoor museum to many, the 19th century cemetery reflects the 
Victorian ideals of death; leaving a rich legacy of crafted structures to be admired and 
analyzed by generations to come. By the end of the 19th century, American cemeteries were 
filled with massive and beautiful structures. 16 However, as the 20th century emerged, new 
generations with different needs, attitudes and priorities focused their attitudes elsewhere. 
14.  Keister, Going Out in Style: The Architecture of Eternity, 4.
15.  David W. Dunlap, “CITY LORE; Triptychs From the Crypt,” The New York Times, October 26, 2003, Octo-
ber 26, 2003, 1. 
16.  Keister, Going Out in Style: The Architecture of Eternity, 5.
Figure 2.5: Aerial View of Woodlawn Cemetery (source: The Woodlawn Conservancy, 2013)
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Shaped by the harsh realities of two world wars, and a severe economic depression, 
American’s preoccupation with grandiose commemoration turned to more practical 
means.17 
2.2 Brief History of Woodlawn Cemetery 
 Like all rural cemeteries, Woodlawn Cemetery was planned by necessity and 
sustained by desire.  Founded in 1863, on 400 areas of rolling topography in the Bronx, New 
York, a burial ground was established that was easily accessible from Manhattan. Located 
along the New York and Harlem Railroad, Woodlawn was advertised as being ‘only thirty 
minutes from Manhattan.’18 Today, Woodlawn remains an active burial site containing 
17. Meyer and McDowell, 185.
18.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form. Washington,   
D.C: U.S. Department of the Interior, National Park Service (2011), 4.  
Figure 2.6: 1863 Map of Woodlawn, 1863, engineered by landscape architect J.C. Sidney, 
(source: Beers, F.W. .Map of the Woodlawn Cemetery, incorporated December 29th, 1863. Atlas 
of New York and Vicinity (New York: Beers, Ellis & Soule, 1868))
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over 300,000 individual internments, intermixed with family lots, single grave spaces, 
and community mausoleums, complemented by over 1,300 freestanding private family 
mausoleum, the largest and most architecturally significant collection of historic private 
mausoleums in the nation.19 (see Figure 2.5) Designated as a  National Historic Landmark in 
2011,  Woodlawn Cemetery contains a vast array of collaborative designs by the country’s 
most important architects, landscape architects, sculptors, artisans, and fabricators who 
helped to create some of the finest examples of mortuary art in the nation.20
 Originally designed following the conventional, picturesque rural cemetery model in 
1863, engineered by landscape architect J.C. Sidney, Woodlawn ’s plans were soon 
re-conceptualized in 1867 to fit the landscape-lawn style first pioneered at Spring Grove 
Cemetery in Cincinnati, Ohio a decade earlier.21 (see Figure 2.6) This style emphasized 
19.  “ Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 4. 
20.  “ Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 5. 
21.  “ Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 5.
Figure 2.7: Current Plot Map of  Woodlawn Cemetery (source: The Woodlawn Conservancy, 2013)
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the prominence of a single large monument within family lots and prohibited the use of 
vertical fences, hedges, or barriers.22 This allowed for a unique opportunity for the eclectic 
clustering of impressive mausoleums to be harmoniously woven together throughout the 
unifying greenery of the landscape. In a 1932 article in American Landscape Architect, 
Woodlawn was commended as a visually interesting and outstanding example of the  ‘lawn 
plan’ in American cemetery design-fostered by its advantageous natural features that have 
provided opportunities for unusual landscape effects: ravines, rockeries, lakes, and steams 
that were capitalizedupon to form vistas, lawns, and park areas of rare charm.23 (see Figure 
2.7) Woodlawn’s original intent which remains a focus of the evolving cemetery design, 
is to capture and maintain the quality of individual lots by enhancing the grounds with 
vegetation in plots and lots that frame monuments throughout the grounds.24 (see Figure 
2.8)
22.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 5.
23.  John C. Plumb, “Woodlawn Cemetery at New York,” American Landscape Architect 7, October 1932,13.
24.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 6.
Figure 2.8: The Warner Mausoleum nestled within the rural garden landscape of Woodlawn 
Cemetery. (source: Bergman, Edward F.. Woodlawn Remembers: Cemeteries of American 
History (Utica, New York: North Country Books, Inc., 1988), 15.)
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 If there ever was a Fifth Avenue of the dead, it is probably the ensemble of private 
family mausoleums around Woodlawn’s lake.25 Woodlawn reached its peak of development 
from roughly 1880 through 1930, with coincided with the Golden Age and Progressive Era 
expansion of New York City.26 Its proximity to the City allowed it to become the preferred 
location for a diverse clientele, from wealthy industrialists and financers to business leaders, 
to musicians, artists, scientists and inventors. 
2.3 Design Commission of the Fahnestock Mausoleum 
 With status to annunciate and money to spend, America’s elite built to impress; 
Harris Charles Fahnestock was no exception. Planning for his family mausoleum began in 
1894, and the tomb was completed by 1896. Harris Charles Fahnestock started his long 
financial career taking on responsibilities at his uncle’s bank early on.27 Over the course of
25.  Dunlap, “CITY LORE; Triptychs From the Crypt,”1. 
26.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 4.
27.  Papers, Fahnestock Papers, 1872 - 1912, Mss Collection, Fahnestock Box, New York Historical Society, 
New York, NY.
Figure 2.9: Aerial View of Woodlawn, Oak Hill Plot identified (Left) and Oak Hill Plot, Fahnestock Mausoleum 
(source: Jim Miller, 2013) 
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 his lifetime, be became a prominent banker and financer, vice president of the First National 
Bank of the City of New York, and investor in many companies such as: Southern Railway, 
Lackawanna & Western Railroad, the American Cotton Oil Company, and the Western Union 
Telegraph Company.28 Mr. Fahnestock was also an active member in many of New York’s 
society organizations including the Union League Club of New York. Fahnestock married 
Margaret Antoinette McKinley, and raised seven children. 
 The Fahnestock Mausoleum was designed in 1896 and altered in 1915 by Peabody 
& Stearns, a prominent nineteenth century architecture firm, and constructed by Charles 
Wills.  It is the only Peabody & Stearns designed mausoleum at Woodlawn. The structure is 
situated on a circular lot in Oak Hill Plot, resting on slightly sloped ground surrounded by 
low vegetation and in close proximity to an adjacent imposing mausoleum of Arents. (see 
Figure 2.9 and Figure 2.10) 
 The structure itself is a circular in form and set on a square plan, rising almost 
eighteen feet in height. Designed in a Beaux-Art style, two Ionic columns frame the bronze 
28.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 23. 
Figure 2.10: Fahnestock Mausoleum (Left) in Context with Arents Mausoleum (source: by author, 2013)
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entrance doors of the 
structure, which support 
a simple entablature 
and pediment with a 
laurel wreath in bas-
relief on the gable.29 
(see Figure 2.11) Atop 
the circular walls of 
clad blocks of granite, 
is a stone domed roof, 
with intricate carvings 
emulating a tiled roof 
and pronounced oculus 
at its apex.  The entire 
interior of the structure 
was lined in marble, 
except for the floor, 
to create distinctive 
borders framing the nine 
Tiffany Studios mosaics 
to be inset, one in the domed ceiling, one in each lunette, and one in each corner forming 
curved triangular forms, known as pendentives; and two Tiffany Studios stained glass 
windows. (see Figure 2.12) This structure provided a final resting place for Harris Charles 
Fahnestock’s family for many generations, entombing eleven family decedents within its 
walls and floor.
 Overall there is little archival documentation detailing the materials used for the 
interior construction assembly of the Fahnestock mausoleum. However, through the use of 
29.  “Woodlawn Cemetery, Bronx, NY,” National Register of Historic Places Nomination Form (2011), 23.
Figure 2.11: Fahnestock Mausoleum (source: by author, 2012)
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the existing documents and physical investigation, observations can be made to understand 
the interior construction. Inside of the exterior clad structure, the interior structural frame, 
which supports the interior mosaics, appears to be of marble. The core of the dome in which 
the mosaics are set onto could be a variety of materials; brick, ceramic tiles (Guastivino), or 
concrete. From the interior of the structure, the domes core is covered with a series of layers 
of mortar inlaid with glass mosaic tiles. (see Figure 2.13)
 In February of 1915, Peabody & Stearns was commissioned again by the family to 
remodel the structure, inserting a ventilation system to move air naturally between the 
open spaces within the walls of the mausoleum. (see appendix B) Although, there are no 
records detailing the reasons for this alteration, it is likely that the marble deterioration 
due to the lack of air circulation and high humidity within the structure caused the marble 
to deteriorate prematurely and require replacement of the stone and new ventilation 
system. A brief overview of the work completed at the time included: removing the caskets 
into receiving vaults, removing all marble throughout the tomb’s interior except for the 
carved marble ring supporting the dome, replacing old marble with new “Pendelikon” 
marble, replacement and relaying of all mosaic work excluding the dome, creation of a 
Figure 2.12: Interior Views of Fahnestock Mausoleum (source: by author, 2012)
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Figure 2.13: 1915 Section of Fahnestock Mausoleum, Material Identification (source: Avery 
Architectural Archives, 2012)
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ventilation system and waterproofing on the interior of the tomb once the marble was 
removed including the upper side of the domed ceiling with a coating of sheet lead. 30  From 
visual observation, the integrity of the building still appears to be intact, however there is 
significant damage from water entering through open dome joints. 
 Although maintenance of the structure has been deferred for many years, and 
deterioration has begun to advance, the structure is still in reasonably sound condition. Now 
is the time to document and preserve this important tomb: the only mausoleum designed by 
Peabody & Stearns at Woodlawn and the only remaining completely adorned Tiffany Studio 
mosaic interior as well. Their study and record will safeguard at least the knowledge of this 
exuberant ornamentation that is associated with Peabody & Stearns, Louis Comfort Tiffany’s 
ecclesiastical masterworks, and the cultural taste of late nineteenth century mausoleums at 
Woodlawn Cemetery. 
30.  Fahnestock, Harris C., Fahnestock Papers, 1872 - 1912, New York Historical Society. 
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Chapter 3: Mosaic Design: Past and Present 
3.1 Revival of Glass Mosaics During the Nineteenth Century 
 The art of mosaics found new life at the end of the nineteenth century and especially 
as a part of an artistic development known today as the Art Nouveau Movement. This 
movement was popular in America from 1890 to 1910.  A renewed interest in mosaics 
originally took hold in Great Britain, fueled by the Arts and Crafts Movement and a 
concentration of wealth and increased use of the arts in domestic and public buildings.  
Across geographic, cultural and professional boundaries, mosaics became a popular means 
of expression and transcended a wide range of styles, technique, and subject matter than 
ever before. Mosaics became a durable and alternative material to adorn the walls and 
vaults of sacred and secular buildings, and artists as well as architects found inspiration 
in the new innovative techniques and materials.  Today, the Art Nouveau Movement is 
considered to be one of the most influential transition periods for the decorative arts.  It 
inspired new materials, techniques, and production capabilities for the art world as well 
as introducing an unrivaled essence of creativity and brilliance. The combination of past 
traditions and modern capabilities helped bring mosaics to a new standard of expression 
that still has a recognized presence in architecture and interior design today. 
 Throughout the 19th century, non-ecclesiastical commissions and experimental 
triumphs kept the art of mosaics alive. Timely advancements in mosaic technique and 
manufacturing process paved the way for a more permanent presence of glass mosaics. 
Although, mosaics as an art form date to Antiquity, their popularity rose and fell due to 
their labor-intensive process and escalated product cost. Mosaics were typically reserved 
for specific clientele, such as the extremely religious and extremely wealthy, not the masses.  
In 1860, Dr. Antonio Salviati, brought mosaics to an industrial and commercial scale; 
allowing mosaics as a surface decoration to be accessible to a larger range of clientele.31 
Salviati’s newly invented mosaic, used an ‘indirect’ fabrication method of setting tesserae 
on a temporary paper base, which enabled a complete mosaic to be pre-assembled at a 
31.  Peter Fischer. Mosaic History and Technique (New York: McGraw-Hill Book Company, 1971), 102. 
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central point before being shipping to its final site.32 This fabrication method along with 
evolutionary techniques of glass manufacturing provided the means for mosaics to be 
accessible to a larger audience.   In 1889, three young Germans discovered the well-kept 
Venetian secret for smalti manufacturing, a technique that allows glass to be made into 
molds of precise size and thickness (tesserae) with a wide range of color variations. These 
young Germans, motivated by their discoveries created a company, Puhl and Wagner Co., 
located in Berlin, Germany and began the manufacture of their own square glass tesserae in 
variety of over 15,000 shades of color.33 Their composed mosaics made possible prepared 
mosaic designs ready for shipment thus allowing glass mosaics to be shipped around the 
world.34 With the growing demand for these services, the Puhl and Wagner Co. opened 
a branch in St. Louis, Missouri, USA called the Ravenna Mosaic Company. Before these 
advances, smalti and colored glass tesserae tiles for mosaic could only be attained from 
Venice, Italy and their production was extremely guarded.35 
 Towards the latter part of the 19th century, artists and architects alike, further 
modernized mosaics in novel ways through experimentation. By blending innovative uses 
of glass and the organic and nature inspired mentality of the Art Nouveau Movement, artists 
such as Louis Comfort Tiffany and Antoni Gaudi revolutionized the way glass mosaics were 
incorporated in their work. Their artistry blended traditional art form with new materials 
to create mosaics full of vibrant color and a seamlessly ‘fractured’ appearance. Never before 
has another medium provided such opportunity for art to empower space, setting the stage 
for further modernization of mosaic techniques leading to the aesthetic achievements of the 
20th century.  
3.2 Louis Comfort Tiffany: Materials and Technique 
 Louis Comfort Tiffany (1848-1933) was among America’s leading artists of the late 
nineteenth century. Prominently known for the manufacturing of his Favrile glass, Tiffany 
inspired the world of art early through his skills as a painter. (see Figure 3.1) Taking valiant 
32.  Fisher, Mosaic History, 103. 
33.  Fisher, Mosaic History, 103. 
34. Hernández, “A Technical Study,” 21.
35.  Hernández, “A Technical Study,” 21.  
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strides in every direction 
of his apprentice inspired 
education; Tiffany became 
a true Renaissance man of 
the decorative arts.36 His 
artistic pursuits spanned a 
wide spectrum of creative 
mediums, to include interior 
decoration, landscape 
design, furniture design, oil 
and watercolor paintings to 
metalwork, textiles, pottery, 
enamels, and jewelry. (see 
Figure 3.2) Although talented 
in many mediums; Tiffany 
found particular interest 
and possibilities related to 
glass manufacturing. The 
experimental and aesthetic 
qualities evoked by glass, 
inspired Tiffany to dedicate 
much of his career to the fabrication of and designs in glass. Despite the fact that much of his 
work was devoted to glass mosaics, this aspect of Tiffany’s career is not typically discussed 
in the literature.   
 Tiffany’s extensive travels throughout Europe and North America provided him with 
the opportunity to experience and examine the finest decorative arts. He was able to 
develop his own formal philosophy about surface decoration early on that directly
36.  Edith Crouch, The Mosaics of Louis Comfort Tiffany (Pennsylvania: Schiffer Publishing Ltd., 2009), 13. 
Figure 3.1: Louis Comfort TIffany, late 1880s (source: Frelinghuysen, Alice 
Cooney. Louis Comfort Tiffany at the Metropolitan Museum of Art (New 
York: Metropolitan Museum of Art, 1998), 5) 
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characterized his personal work, because of these first hand experiences and observations 
of various mosaics from Antiquity and the Byzantine period. Tiffany’s experimentation with 
glass began in the mid-1870s in conjunction with studies in chemistry.37 These endeavors 
allowed Tiffany to satisfy his desire to produce flat glass with a ‘richer and finer’ color, 
which prompted the creation of Tiffany’s Glass and Decorating Company in 1878. Over time, 
Tiffany became a successful and established premier interior decorator, completing mosaic 
decoration on architectural surfaces of notable domestic, civic, and ecclesiastical interiors.38 
Over the course of his career from 1870 to the mid-1920s, his successful business skills 
coupled with his creative ingenuity helped Tiffany to shape several design periods with his 
glass art forms. 
 In the 1880s, Tiffany’s career in mosaics took foothold with his numerous 
ecclesiastical commissions. His mosaics were premier decorative elements of interiors, 
37.  Patricia C. Pongracz, editor., Louis Comfort Tiffany and the Art of Devotion (New York: Museum of Bibli-
cal Art in Association, 2012), 25.
38.  Pongracz, editor, Art of Devotion, 27. 
Figure 3.2: Masterworks in Glass (source: Frelinghuysen, Alice Cooney. Louis Comfort Tiffany 
at the Metropolitan Museum of Art (New York: Metropolitan Museum of Art, 1998), 15) 
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not only for grand display in churches, but in every scale of his design projects. His designs 
became uniquely ‘Tiffany’, because of their distinct impression of color and form. Tiffany’s 
career soared not only because of his extraordinary creations, but also through his didactic 
marketing techniques. He published many pamphlets on his variety of work, highlighting his 
expertise in each medium. One such pamphlet, Glass Mosaics, is dedicated solely to mosaic 
art. Tiffany’s philosophy of attention to the environment, craftsmanship, and materials was 
evident in all the works created within the studio of Tiffany Glass & Decorating Company. 
(see Figure 3.3) His designs were original and distinguished not only because of their quality 
and use of Favrile glass but because their distinct designs.39 To fully appreciate the character 
and brilliance of Tiffany’s work, it is critical to understand the material and technique 
behind his designs, for the combination of both elements truly brought new life to an 
ancient old tradition of mosaics. 
39.  Crouch, The Mosaics of Louis Comfort Tiffany, 44. 
Figure 3.3: Tiffany’s Mosaic Studio (source: Character and Individuality in Decorations and Furnishing (New York: 
Tiffany Studios, 1913) 
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The Material: Tiffany’s Favrile Glass 
 Tiffany’s invention of Favrile Glass brought definition to the meaning of ‘colored’ 
glass. Favrile Glass is Tiffany’s signature in the decorative arts and remains a registered 
trademark patent since 1894 for all of his handmade glass. The original trade name for his 
invention came from the ‘fabrile’ derived from an old English word meaning ‘hand-wrought’ 
or handcrafted.40Glass in general, has always been thought of as a delicate and beautiful 
medium but Tiffany brought its potential to life. This invention in glass, driven by Tiffany’s 
desire for beauty, merged his curiosity of chemistry and showed him as a creative genius 
in glass manufacturing technology. Because of the potential experiments in glass a decade 
earlier, Tiffany created his own glass furnace in 1890; Tiffany Glass & Decorating Company, 
in Corona, Queens, New York.41 Still today, Tiffany’s glass manufacturing process is kept a 
secret and only a few of the artisans that created the glass can explain the detailed process. 
Through research, one can only speculate the intention behind the process.  
 The process of making Favrile glass included manipulating, blending, and plating 
up to five different colors with oxides and chemicals into the basic ingredients of glass 
(sand, lime, and soda) in the molten state.42 Such blending and spontaneous manipulation 
in the creation phase provided the glassmaker the opportunity to achieve subtle effects of 
shading and texture within the glass. Tiffany’s constant inspiration was evoked from the 
environment and guided many of his experimental ambitions, which infused the subtle 
beauty of nature into his glass including delicate intricacies of threaded color.43 (see Figure 
3.4) 
 By the 1890s, Tiffany had proved himself as a skilled glassmaker and began to 
incorporate his triumph in decorative glass art into architectural features and objects. 
Favrile glass is most commonly associated with Tiffany’s opalescent and iridescent glass; 
however this glass was not limited to one variety, but a range of color possibilities in many 
40.  Crouch, The Mosaics of Louis Comfort Tiffany, 286.
41.  Crouch, The Mosaics of Louis Comfort Tiffany, 18. 
42.  Crouch, The Mosaics of Louis Comfort Tiffany, 18. 
43.  Crouch, The Mosaics of Louis Comfort Tiffany, 47. 
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varieties. Each piece of glass, exquisitely expressed three-dimensional qualities of shade, 
light, depth, and texture.44 From molten glass form rolled into sheets of flat and textured 
glass, individual pieces were then cut into distinct shapes. The mosaicists were able to take 
full artistic liberties and ‘paint’ with the glass; strategically cutting and selecting pieces of 
tesserae and sectaile, bringing impressionistic qualities derived from form and intuitive 
color choices into the final mosaic compositions.45 
The Process: Tiffany’s Mosaic Technique
Tiffany’s method is defined as a new technique, yet tailored by traditional direct and 
indirect methods. In the direct method, the tesserae are applied at once to the wall they are 
to decorate; in the indirect method, the tesserae are worked to a design on paper to which 
they adhered, and then are affixed to the wall or cast in slabs.46 From concept to completion, 
this ‘new’ process of Tiffany’s mosaic fabrication blended the direct and indirect method in 
44.  Crouch, The Mosaics of Louis Comfort Tiffany, 47. 
45.  Tiffany Glass and Decorating Company. Glass Mosaics (New York: Tiffany Glass and Decorating 
 Company, 1896),16. 
46.  Glass Mosaics, 18. 
Figure 3.4: Sheets of Tiffany Glass, Bella Apartment, Glass Window c. 1880 (source: Frelinghuysen, Alice Cooney. 
Louis Comfort Tiffany and Laurelton Hall: An Artists Country Estate, The Metropolitan Museum of Art. (New Haven 
and London: Yale University Press, 2006), 13)
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a number of individual steps.  As described by Edith Crouch in her book, The Glass Mosaics of 
Louis Comfort Tiffany, the phases of Tiffany’s mosaic design were as follows: 
 
 First after the client’s interest result in a commission, an artist [mosaicists] would   
 create a rendering or design in watercolor to conceptualize the composition and   
 color scheme. Then a small Marquette, or scaled model of the design detailed with all   
 its individual pieces was sketched and used to visualize the ideas presented in water  
 color using actual glass tesserae. A cartoon would then be made to the exact size   
	 and	final	design,	after	approval	from	the	client		was	granted.	The mosaicist would 
 then be responsible for selecting, cutting, and assembling the glass. 47
 The verso face of the mosaic was always turned to the artist when detailing the 
cartoon and the mosaicist would select, cut, and assemble the glass in accordance with the 
cartoon, adjusting details as necessary. (see Figure 3.5) By correcting mistakes and making 
alterations with the same ease as a painter using oil or watercolor, this way of working 
characterized the essence of Tiffany’s design compositions and the key that explains their 
full color values in their relationship to one another and light through the overall design.48 
Craftsmanship was an integral part of Tiffany’s mosaics therefore he only employed 
artists that had a keen sense of color, aesthetic intuition, great dexterity and skill.49 Crouch 
47.  Crouch, The Mosaics of Louis Comfort Tiffany, 41.
48.  Crouch, The Mosaics of Louis Comfort Tiffany, 42. 
49.  Crouch, The Mosaics of Louis Comfort Tiffany, 43. 
Figure 3.5: Tiffany’s Mosaic Fabrication Method; Mosaic Art of Alexander Commencement Hall, Princeton N.J. 
(source: Glass Mosaics (New York: Tiffany Glass and Decorating Company, 1896),19-21)
                                                                                                                                                       CHAPTER 3
26
continues in her explanation of Tiffany’s process: 
 Once pieces of glass are selectively cut to replicate the subtle color in minute pieces,   
 and then matched by size and color to replicate the subtle color gradations and   
 shading in the original artists color rendering. The pieces of glass were put into   
 place on the cartoon pattern, face up and backed with  beeswax to hold them in place,   
 the entire ensemble similar to a massive jigsaw puzzle. When this process was    
 completed, the entire ensemble was turned face down, the pattern was  removed and   
 cement was poured over the back. Sometimes metal bars and wires were installed   
 within the concrete backing for additional support. At times, if  necessary, the entire   
 ensemble was cut apart into sections to facilitate transportation to the installation   
 site. Once on site, an installer would grout or plaster the mosaics in place.’50
 Mosaics, regardless of their method of manufacture are permanent surface 
decorations, intimately allied to the structure they adorn. Therefore, the durability, 
continuity and life of the mosaic are dependent upon their setting. Tiffany set his mosaic 
designs in Keene’s Cement, defined by its durability and manufacturing methods, or in 
hydraulic or oleaginous cement where it is exposed to the weather and moisture.51 Tiffany 
believed, “as our buildings took on monumental and indestructible qualities, and as 
decorations are governed by construction, the decorative artist was called upon to display 
his art with materials that would resist effectually the corrosion of natural and artificial 
decay, ones that would hold their pristine beauty the longest.’52
His Masterworks: Tiffany’s Accomplishments 
 With nature as his muse, color his obsession, and exotic culture his bottomless well 
of influence; Tiffany brought mosaics from the sacred to the secular, inflicting beauty on 
almost every imaginable architectural surface.53 No other art form prior to Tiffany allowed 
‘texture to be seen and emotions to be felt’ when one merely looked at a decorative surface.54 
Tiffany accomplished both throughout his career from his early beginnings to his later 
50.  Crouch, The Mosaics of Louis Comfort Tiffany, 45. 
51.  Glass Mosaics, 18. 
52.  Glass Mosaics, 14. 
53.  The Charles Hosmer Morse Foundation. The Tiffany Chapel at the Morse Museum: A Guide (Winter Park: 
The Charles Hosmer Morse Foundation, Inc., 2002), 12. 
54.  The Charles Hosmer Morse Foundation, The Tiffany Chapel, 13. 
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mature designs. 
 His earliest monumental 
project and first public display 
of mosaics was the decoration of 
the Tiffany Chapel for the 1893 
World’s Columbian Exposition in 
Chicago.55 (see Figure 3.6) Next, 
Tiffany decorated the interiors of 
private domestic interiors and 
monumental public spaces 
throughout the United States. 
(see Appendix C) Tiffany’s 
notable designs include the 
distinguished private residence of 
Fredrick Ayer in Boston, various 
churches along the east coast, 
which includes his monumental 
work at the Chicago Public 
Library in Chicago, IL and the Curtis 
Publishing Company in Philadelphia, 
PA. (see Figure 3.7) Although most of his works were grand in scale, his smaller ecclesiastical 
works that adorn many mausoleum exteriors and interiors such the Fahnestock and Swan 
Mausoleum at The Woodlawn Cemetery in Bronx, New York must not be forgotten. One of 
the most personal examples of his work can be seen at his own private residence, Laurelton 
Hall in Oyster Bay, Long Island, New York (now demolished). His home became a personal 
blank canvas, where he was able to boldly experiment with his Favrile glass and display his 
private collection.56 Tiffany’s mosaic designs and installation techniques were unique, and 
55.  Crouch, The Mosaics of Louis Comfort Tiffany, 41.
56.  Crouch, The Mosaics of Louis Comfort Tiffany, 74.
Figure 3.6: 1893 World Columbian Exposition Tiffany Chapel, 
reinstalled (source: The Charles Hosmer Morse Foundation. The 
Tiffany Chapel at the Morse Museum: A Guide.  (Winter Park: The 
Charles Hosmer Morse Foundation, Inc., 2002), 12)
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together with his stained glass windows and metalworking, they shaped America’s public 
and private interiors. Many of these examples still remain intact today and exemplify his 
genius as an artist and businessman.  
3.3 The Fahnestock Glass Mosaics: Design and Fabrication 
 The glass mosaics of the Fahnestock Mausoleum were designed and fabricated by 
Louis Comfort Tiffany and the skilled artisans of his Glass and Decorating Company. These 
mosaics were a part of the mausoleums’ original interior design since 1896. The Fahnestock 
mosaics are one of Tiffany’s earliest private ecclesiastical commissions, and the only 
complete Tiffany mosaic interior at Woodlawn Cemetery. These designs have been 
advertised throughout Tiffany’s promotional pamphlets, yet the physical mosaics have been 
significantly understudied. Although the association between Mr. Fahnestock and Tiffany is 
unknown, it is possible their connection was prompted by their involvement with the Union 
League Club in New York. Mr. Fahnestock was an avid member of the Union League Club of 
New York and either by chance or fate one of Tiffany’s earliest mosaic works was installed 
Figure 3.7: Chicago Public Library (Left) and Curtis Publishing Company (Right)(source: Frelinghuysen, Alice 
Cooney. Louis Comfort Tiffany at the Metropolitan Museum of Art (New York: Metropolitan Museum of Art, 1998), 
20) 
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in Union League Club in New York in 187957; perhaps a moment of admiration inspired Mr. 
Fahnestock to employ Tiffany’s exquisite work in more personal manner. 
The splendor of the Fahnestock interior can be credited to Harris C. Fahnestock 
himself who desired the interior of his tomb to be similar to the tomb of Pope Pius IX in 
the church of St. Lorenzo in Rome.58 (see Figure 3.8) Many of the details of the interior 
capture the essence of the tomb of Pope Pius IX, but it is quite possible the design also may 
have been inspired by the mausoleum of Galla Placida at Ravenna, Italy; an interior mosaic 
Tiffany’s admired for its craftsmanship.59 (see Figure 3.9) The interior of the tomb has a total 
of nine individual mosaics; a domed mosaic ceiling, four mosaic panels (lunettes) and four 
recessed squinches (corners) inset with mosaics (pendentives).  The combination of all of 
the mosaics in their distinctive shape and location, create a complete unified and peaceful 
mosaic interior.
57.  Glass Mosaics, 14. 
58.  Fahnestock, Harris C., Fahnestock Papers, 1872 - 1912, New York Historical Society. 
59.  Glass Mosaics, 8. 
Figure 3.8: tomb of Pope Pius IX in the church of St. Lorenzo in Rome. (source: Pongracz, Patricia C., editor. Louis 
Comfort Tiffany and the Art of Devotion. New York: Museum of Biblical Art in Association, 2012), 60)
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Glass Varieties and Design 
 The interior of the Fahnestock Mausoleum glows from its extraordinary 
arrangement of Tiffany glass in both mosaic and window formats. Seven feet from the 
mausoleum’s floor, a delicate palette of vibrant colors adorns the upper portion of the 
interior structure. Each individual mosaic element possesses a unique arrangement 
of shades and tones, yet completes a unified interior composition. Though it is nearly 
impossible to count the different colors that define the Fahnestock mosaic, this quality alone 
defines Tiffany’s designs. Although color is somewhat indistinguishable due to the nature 
of Favrile glass, the glass tesserae and sectaile used can be characterized as transparent, 
opaque, and opalescent as well flat, textured and foiled, and blended together to create a 
brilliant decorative effect. For instance, all the pendentives that are decorated with mosaics 
are pre-fabricated sections composed of three types of glass. (see Appendix E) Transparent 
glass is a glass that allows light through; when placed within the mosaic composition the 
setting mortar can be seen.60 Opaque glass refers to a type of glass that emulates marble; 
milky in appearance, which transmits light but does not allow light through. Opalescent 
glass is Tiffany’s signature, a mixture of colors to achieve multiple tones and hues within a 
60.  Hernández, “A Technical Study,” 28.  
Figure 3.9: Mausoleo di Galla Placidia, Ravenna, Italy (source: http://www.ravennamosaici.it/index3.html) 
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single piece of glass. These three different types of glass used for the mosaic were of similar 
size and thickness.  The size ranged from square tesserae of 1/2-inch squares to 3/4-inch 
rectangles and parallelograms. The thickness is approximately 1/8-inch inch or 1/4-inch 
if individual colors of glass are plated together. The individual mosaics of the Fahnestock 
Tomb use a combination of all of these glass types, and are uniquely arranged in each of 
the individual mosaics. Despite the custom compositions, qualities of design patterns used 
throughout the ages of mosaic fabrication are evident.
  The lunettes share a similar design composition with the pendentives, yet they 
are distinctive in their shape and location within the interior. An exception to this uniform 
design is found on the north lunette where an intricate design of a seated angel is detailed, 
created by muralist Edwin Blashfield. The rest of the lunettes (3), half-moon shaped panels 
approximately 8 feet by 4 feet high, are composed of two components: a vibrant field of 
multiple hues and an ornately composed border. The field is arranged in an opus regulatum 
pattern or in horizontal brick like coursing.61 The field is composed of three different shades 
of green and yellow/gold rectangular shaped tesserae, 3/4 by 5/8 inch in size with 1/8-
inch joints. The entire field is of transparent glass tesserae, with a stippled recto plated 
with metallic foil. The surrounding three inch ornate border completes the composition. 
Tiffany’s border closely resembles an opus Alexandrinum pattern, but instead of marble 
for the border background, he used shades of blue and green opalescent glass for the bulk 
of the chevron designed border and its ribbon edge is detailed with deep green and brown 
olive transparent glass surrounded by a thin ribbon of metallic backed mosaic tiles. (see 
Illustrations A-C)62 The pendentives are designed in the exact same manner, however they 
are triangular in shape and approximately 4 feet wide by 2 feet tall in dimension. (see 
Illustrations E-H)
 The exception to the uniform set of four lunettes is the North lunette, which is 
consistent to the design pattern of the other three panels with matching border and 
overall field; however a detailed elegant angel designed with rich colors and shades of 
61.  Crouch, The Mosaics of Louis Comfort Tiffany, 288. 
62.  All illustrations will be included at the end of this chapter.
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opalescent glass intercepts the coursing of the field. (see Illustration D) The entire spectrum 
of color, size, and intricate pieces of sectaile work woven together within this single panel 
is remarkable. The design and execution of this panel is attributed to the famed muralist 
Edwin Blashfield and is a well-known design, its schematic cartoon publicized in Glass 
Mosaics c.1896 and noted in “How the Rich Are Buried,” an article that appeared in the July 
issue of Architectural Record, Volume X, 1900-1901. (see Figure 3.10)
 
 The domed mosaic ceiling of the Fahnestock Mausoleum is less intricate in design, 
yet by no means less impressive. The dome bears a diameter of 8 feet and a radius of 4 feet 
and is composed of an overall deep blue background with a random arrangement of metallic 
gold stars of different size. The background of the dome is laid in an Opus Certum pattern of 
variegated shades and blue and green glass tesserae cut and laid uniformly.63 
(see Illustration I) The stars are formed by front foiled parallelogram tesserae fit together to 
create five pointed stars, ranging from 2 to 3 inches in size, set against a turquoise pentagon 
background of opaque glass. The mosaics are supported within the non-load bearing brick 
dome with a bronze ventilator oculus through the dome’s apex. The weight the dome is 
63.  Crouch, The Mosaics of Louis Comfort Tiffany, 288. 
Figure 3.10: A Glass Mosaic Panel for a Mausoleum (North Lunette, Fahnestock) (source: Glass Mosaics (New 
York: Tiffany Glass and Decorating Company, 1896),10)
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bearing on its tension ring composed of 36” sections of carved marble and the adjacent 
marble arches below inset with mosaic panels. 
Mosaic Fabrication: Assembly and Installation
 The interior mosaics of the Fahnestock Mausoleum present a unique opportunity 
to visually understand Tiffany’s method of mosaic fabrication and his distinct modes of 
mosaic installation. The current interior of the mausoleum contains two campaigns of 
mosaic fabrication: original mosaic fabrication in 1896 (dome) and mosaic alterations in 
1915 (lunettes and pendentives). 64Although there is no photographic evidence detailing the 
mosaic fabrication method and installation for this particular decorative surface, it is clear 
from a detailed literature search and traces of physical evidence throughout the mausoleum. 
Due to the shape and location of each mosaic within the interior, the method of fabrication 
and installation slightly differs to accommodate their placement upon the interior surface. 
However, the pre-fabrication process within Tiffany’s Glass and Decorating Company 
remains consistent with Tiffany’s fabrication method previously detailed. 
 The mosaics on the dome and pendentives were most likely installed in a similar 
manner, however slightly different, due to their variation in scale. It is most likely that the 
lunette and pendentive designs were sketched and rendered in watercolor before detailed 
in individual pieces of tesserae; although no original sketches have been located for these 
particular mosaic designs. (see Figure 3.11) The mosaics on the pendentives, triangular in 
form, were most likely pre-fabricated in the studio on a flexible backing, probably paper, and 
brought to the site where they were put in place with a setting mortar, adhering them to a 
preparatory mortar coat on the brick pendentive support.  Once the tesserae were firmly in 
place, the paper on which the tesserae design was adhered was removed and the joints were 
filled with grout. Currently, these mosaics are set in a Portland cement mortar, and appear 
to have been removed and reinstalled as part of the 1915 alteration when the interior stone 
64.  This account it thought because of what was detailed in the Fahnestock papers, however does not 
detail the original elements, it is possible the dome and lunettes were original to the original con-
struction
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was replaced.  
 Due to the size of the dome, the mosaics were most likely installed as a series of 
single pre-fabricated sheets positioned according to cartoons painted or pounced onto the 
preparatory layer of mortar applied directly to the brick dome.  These dimensioned sections 
were presumably brought to the studio to be fabricated in smaller sections and then brought 
to site. For installation, a scratch coat of a non-cementitious mortar was spread over the 
brick dome, followed by a layer of setting mortar in which the mosaics were laid into and 
then grouted. Since laying the pre-assembled sections in a convex position is different than 
laying tesserae on a horizontal or vertical surface, the lower section of the mosaics must 
be arranged for installment so the sections adjacent and on top can rest on the other as in 
a stacked arrangement.65 The placement of mosaic sections in the setting mortar are an 
integral part of creating a unified surface decoration, and the craftsmen installing the dome 
mosaic were certainly aware of their placement within the context of the domed structure. 
 Unlike the dome and pendentives, the mosaics inlaid in the lunettes were most 
65.  Hernández, “A Technical Study,” 32.
Figure 3.11: Example of Lunette Watercolor Rendering, Design for Lunette of Cornucopia c. 1890-1910 (source: 
Frelinghuysen, Alice Cooney. Louis Comfort Tiffany at the Metropolitan Museum of Art (New York: Metropolitan 
Museum of Art, 1998), 46)
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likely pre-fabricated as pre-cast panels before coming to the site. It was common for Tiffany 
to reinforce his precast panels with metal or wire mesh; however it is unclear if this was 
done here.66 Once these panels arrived on site, they were set in place within the arches and 
the space around them mortared.   The original backing and setting mortar of these panels 
is unknown and it is possible they may have been removed and reset during the 1915 
renovation.
 Based on the renovation project details and physical investigation, it appears that 
currently with the mausoleum interior, three different mosaic installation campaigns exist. 
During the first campaign, all mosaics were most likely prefabricated in studio and brought 
to site for in-situ installation, however in contrast between the pendentives and dome, the 
lunettes, which was pre-cast in the studio before arriving to the site. It appears during the 
renovation, the dome was left intact while the marble below the masonry ring was removed. 
However, upon disassembly of the interior marble framework, the pendentives were 
relieved from their original location by a process of backing them on a temporary surface, 
such as burlap or a heavy cloth. (see Figure 3.12) After the renovation, the pendentives 
66.  Crouch, The Mosaics of Louis Comfort Tiffany, 41.
Figure 3.12: Evidence of Cloth Imprint from 1915 Mausoleum Alteration (source: by author, 
2012)
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patterns would have been newly re-laid in mortar in-situ. During the renovation, the 
lunettes would have been removed as complete pre-cast panels and reinserted after the 
renovation with a fill grout to stabilize them in place. It is very likely due to the multiple 
campaigns of installation all three mosaic types were not only installed differently, yet are 
also composited of different materiality.
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illustration A            East Lunette
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illustration B                      South Lunette
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illustration C           West Lunette
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illustration D         North Lunette
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illustration E                    Northeast Pendentive
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illustration F                    Southeast Pendentive
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illustration I                                                 Dome
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Chapter 4    Literature Review
 Louis Comfort Tiffany is well-known for his contributions in raising the decorative 
arts to the highest level of design and production; however, facets of his work still remain 
understudied. For example, as famous and studied as his Favrile Glass windows and objects 
are, little has been written on his mosaic work. Although current literature has made 
valiant strides to correct this, a complete technical study or survey of his mosaic work is 
missing. The literature review below attempts to fill some of these lacunae by discussing 
the available research on the historical, technical, and conservation related scholarship 
of Tiffany’s glass mosaics. This chapter is divided into four parts: (4.1), The Material 
Composition and Production of Keene Cement, (4.2), A Literature Review of Tiffany Glass 
Mosaics (4.3) A Catalog of Tiffany Glass Mosaics and (4.4) Previous Treatment Literature.
4.1 The Material Composition and Production of Keene Cement 
 “The most important part of a mosaic, next to the tesserae and sectaile, is the cement 
that holds the pieces in place to create a unified designed composition” articulated Tiffany.67 
During production, he often layered his Favrile glass in the well-known Keene Cement, a 
modified gypsiferous plaster. It was first manufactured in 1840 and originally only used 
under English patents.68  Keene Cement is now widely employed commercially throughout 
the United States. It is distinguished from other setting mortars, not only by the properties 
of the material, but by its method of manufacture.69 The main component of Keene Cement 
is gypsum, a naturally occurring mineral, composed of calcium sulfate di-hydrates, which 
vary in color from white through shades of brown and grey to black.70 
67.  Glass Mosaics, 17. 
68.  Edwin C. Eckel, Cements, Limes, and Plasters: Their Materials, Manufacture, and Properties (New York: 
John Wiley and Sons, Inc., 1928),78.
69.  Eckel, Cements, 76. 
70.  Fred T. Hodgson, Plaster and Plastering: Mortars and Cements, How to Make and How to Use (New York: 
The Industrial Publication Company, 1883), 17.
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Gypsum is typically found in deposits between limestone strata, or in association with 
various other minerals, such as halite or calcite.71 Although gypsum deposits exist all around 
the world, the most commonly sourced gypsum for plaster making in North America comes 
from Canada.72 
 The earliest published texts mentioning architectural Keene Cement were often 
larger compendiums on trade, and referenced under plasters or gypsum. The earliest found 
work dates to 1911, with the publication of Popular Handbook for Cement and Concrete 
Users; however the first detailed account of the manufacturing of Keene Cement is a 1928 
edition of Cements, Limes, and Plasters: Their Materials, Manufacture, and Properties.73 In 
preparation of Keene Cement the gypsum used should be as pure as possible, free from 
any possible impurities that might discolor the product from being pure white.74 Once 
attained, the very pure gypsum is calcined at a red heat (appx. 150-170°C), the result 
yielding anhydrite.75 During this phase, all the water is driven out of the gypsum in a process 
called dehydration. The dehydrated calcium sulphate is then immersed in a bath of alum 
solution (double sulphate of Aluminum and Potassium) and subjected to an intense heat, 
approximately 500°C.76 After this second burning the material produced is finely ground and 
sifted into a fine powder and ready to be packaged and sold.77
 Various journal articles were also published in architectural magazines advertising 
gypsum products and their uses.78 In particular, these articles described the mixing and 
application process of how to turn the finely ground powder into a setting mixture for 
architectural use. The fine powder was mixed with water, which activates and re-hydrates 
the material causing recrystalization. This process results in a slight expansion of the 
71.  Laura Vollono Drapala, “Rediscovering an American Master: An Examination and Analysis of the Deco-
rative Plaster Ceiling of Robert Winthrop Chanler’s Whitney Studio” (M.Sc.diss.,University of Pennsylvania, 
2010), 86.
72.  Drapala, “Rediscovering an American Master,” 86.  
73.  Eckel, Cements, 76. 
74.  Eckel, Cements, 78. 
75. Eckel, Cements, 78. 
76.  Sir Thomas Edward Thorpe, A Dictionary of Applied Chemistry, Volume I (London: Longmans, Green 
and Co, 1921), 751. 
77.  Eckel, Cements, 78.
78.  The Pacific Coast Architect Volume IX (California, 1915), 74. 
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crystals within the mixture, which allows for quick set time and hardening of the plaster 
once set in place.79 This was appealing for covering wall surfaces due to its dense, durable, 
and permanent nature. However, this product was best-suited for interior use due to its 
partial water solubility.. Keene cement has a rather quick set time, longer than ‘Plaster of 
Paris’ but quicker than lime, and once it begins to harden it bonds well to the material on 
which it is spread.80 The final results of this product yield a smooth uninterrupted surface 
that is exceptionally hard and dry finishing plaster. 
4.2 A Literature Review of Louis Comfort Tiffany’s Glass Mosaics
 A review of the contemporaneous and more current literature related to Louis 
Comfort Tiffany’s glass mosaic production was required in order to begin to formulate an 
understanding of the present scholarship about this topic. Tiffany, as an artist trained in 
various mediums, relied on the vibrancies of color and experimentation for the technical 
translation of his designs into glass mosaics. For all of Tiffany’s design commissions, beyond 
the basic watercolor sketch, he rarely used patterns and recipes to bring his designs to 
fruition; each of his designs was unique. This being said, due to the somewhat secretive 
nature of Tiffany’s techniques, there has been limited technical scholarship that details his 
craft; thus the majority of the literature published focuses on the historical narrative of 
Tiffany’s glass mosaics. 
 The earliest published texts relating to Tiffany’s glass mosaics were Tiffany’s 
promotional pamphlets for his Glass and Decorating Company based in New York City. The 
two earliest published works, Glass Mosaics (1896)81 and Tiffany Favrile Glass (1899)82 
are the most original texts detailing the technical aspect of his mosaic fabrication and 
installation. Into the beginning decade of the 20th century, Tiffany’s pamphlets addressed 
broader topics and less technical writing, focusing instead on the qualities of his glass 
79.  Lewis H. Myron and Albert H. Chandler, Popular Handbook for Cement and Concrete Users (New York: 
The Norman W. Henley, Publishing Company,1911), 12. 
80.  Eckel, Cements,  
81.  Glass Mosaics,18. 
82.  Tiffany Studios. Tiffany Favrile Glass (New York: Tiffany Studios, 1889). 
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mosaics and the spaces, which they could transform. Such sources are: Character and 
Individuality in Decorations and Furnishings (1913), Mausoleums (1914), and Memorials in 
Glass and Stone (1913, 1922). 
 As developments in the glass manufacturing and glass mosaics increasingly grew 
in the 19th century, so did the production of Tiffany’s glass mosaics. During this period 
of experimentation and innovation, limited literature was published recording these 
advancements until the mid-20th century. Shortly after this period of intense productivity, 
literature such as Mosaic: History and Technology83 and Mosaic: Material, Technique and 
History84 become available detailing the advancements and innovations in glass mosaic 
technology, yet each fail to mention Tiffany’s glass mosaics and their contribution. 
Interestingly literature published during the same time period such as Artistic America: 
Tiffany Glass and Art Nouveau85 mention Tiffany’s significant contributions in glass making 
and mosaic fabrication. 
 Publications in the latter of 20th century were often historically focused and detailed 
the depth and breadth of Tiffany’s career, containing only superficial detail about his glass 
mosaics and his glass manufacturing techniques. Publications such as Tiffany Glass (1967), 
Louis C. Tiffany, Rebel in Glass (1982), Masterworks of Louis Comfort Tiffany (1992), and 
Louis Comfort Tiffany (2006) were similar in content and thoroughly portraying the essence 
of Tiffany glass mosaic and highlighted his most significant works through his career. To 
accompany these historical narratives, literature became available detailing monumental 
works of his in depth such as Laurelton Hall in Oyster Bay and The Tiffany Chapel for the 
1893 World Columbian Exposition.86
 The most comprehensive texts that detail the many facets of Tiffany’s glass mosaics 
process and truly understood the ‘art’ behind his work, were those texts written by artists 
who directly worked with the chemists and Tiffany himself. For instance, Hugh F. McKean, 
83.  Fisher, Mosaic History, 1971. 
84.  Fiorentini, Elisabetta, and Isotta Fiorentini. MOSAIC: Materials, Technique, and History (Ravenna: MW E 
V Editions, 2002).
85.  Samuel Bing, Artistic America, Tiffany Glass, and Art Nouveau (Boston: MIT Press, 1980). 
86.  The Charles Hosmer Morse Foundation, The Tiffany Chapel at the Morse Museum: A Guide (Winter Park: 
The Charles Hosmer Morse Foundation, Inc., 2002). 
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a painter himself who was chosen by the Tiffany Foundation to work with Tiffany at 
Laurelton Hall in 1930, published in 1980, The “Lost” Treasures of Louis Comfort Tiffany.87 
This publication is the most complete account of Tiffany’s glass manufacturing process, from 
color creation to the mechanics of hand manipulating glass; not even Tiffany himself goes 
into such detail in his promotional pamphlets early in his career.88 Another personal account 
of Tiffany’s glass was Eidelberg’s Behind the Scenes of Tiffany Glassmaking, where the inner 
workings of Tiffany’s studio were interpreted89
 The most recent publications devoted to Tiffany’s glass mosaics and his ecclesiastical 
mosaic commissions are those published by Edith Crouch in The Mosaics of Louis Comfort 
Tiffany, and publication produced by the Museum of Biblical Art in Louis Comfort Tiffany 
and the Art of Devotion. These are the only resources to examine his inspiration for his 
ecclesiastical mosaic commissions and provide a complete account of the whereabouts of all 
of Tiffany’s mosaics. These two texts are the modern version of Tiffany’s first promotional 
publications from 1896-1910, that fill in the blanks of previous scholarship to create 
resources devoted not only to a historical narrative of Tiffany’s mosaics, but a thorough 
account of the technical and inspirational aspect of his mosaic work. 
4.3 A Catalog of Tiffany’s Glass Mosaics 
 Tiffany mosaics can be found in various public and private interiors throughout 
the world. Today, these examples provide a constant reminder of the brilliance and talent 
of the man behind these works. Unknown to the public, many original Tiffany mosaics 
have been removed from their original locations and sold to private collectors. As these 
masterpieces are removed from the public eye, keeping an up-to-date account of the 
complete collection of Tiffany’s work becomes more important and as many of his works 
87.  Hugh F. McKean, The “Lost” Treasures of Louis Comfort Tiffany (New York: Doubleday & Company, 
Inc.,1980). 
88.  During the beginning of Tiffany’s career, Tiffany was secretive about his process and concealed his 
methods from his competitors. McKean claims, “that no one was allowed in the room while Tiffany was 
making a batch of his glass.” Considering the period in which Tiffany’s mosaic production flourished and 
its correlation to the revival of glass mosaics as a decorative medium, it is understandable why it was not 
till later on in his career his secrets began to unfold. However, even thought the knowledge of how Tiffany’s 
glass was made, by no means can the essence of Tiffany glass be capture by another artist. 
89.  McKean, The “Lost” Treasures, 1980. 
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have been unaccounted for. As Tiffany worked at various scales, often his smaller, private 
works have gone unrecorded. Although this is not the case for the Fahnestock Tomb glass 
mosaics, a number of Woodlawn’s mausoleum’s interiors probably contain undocumented 
Tiffany mosaics as well.90 
 A recent publication by author Edith Crouch provides a thorough account of the 
whereabouts of Tiffany’s intact glass mosaics. (see Appendix C) Below is a detailed account 
of the institutions and collections that contain information about   Tiffany’s glass mosaic 
production as well as the glass itself.91
The Metropolitan Museum of Art; New York, NY
 This collection contains a mix of artifacts from Tiffany’s career: installations, 
fragments, and paper archives of Tiffany.  The American Wing of the Metropolitan Museum 
90.  Completing a comprehensive study of the collection of Tiffany’s artistic works with Woodlawn Ceme-
tery would be a valuable future study, and would greatly enrich the collection of decorative arts within the 
cemetery. 
91.  Additional collections reside at the Heckscher Museum and Macklowe Gallery in New York, and the 
Corning Glass Museum in Corning, NY, but they are not nearly as complete as the above mentioned nor 
contain a significant majority of Tiffany glass mosaics. 
Figure 4.1: Garden Landscape and Fountain c. 1905-1915, The Metropolitan Museum of Art 
(source: by author, 2013)
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of Art contains four significant works by Tiffany from various points in his career. The floral 
patterned columns from his private residence at Laurelton Hall (ca. 1905) were reinstalled 
in a niche in the main gallery area. There are also various fragments of dismantled 
elements from buildings such as the remaining signage from one of his New York Glass 
and Decorating Studios, and an installation of one of Tiffany’s original studio displays, 
Garden Landscape and Fountain c. 1905-1915. (see Figure 4.1) As for paper records, the 
Metropolitan owns many of Tiffany’s original water-color sketches from his commissions; 
some are on display and others have been stored.92 Also, online there is a complete scanned 
collection of Tiffany Studio promotional pamphlets dating from as early as 1896. 
Neustadt Museum of Tiffany Art (Tiffany Glass Collection); Long Island City, NY
 This collection of Tiffany glass prides itself on the versatility of its archives. 
Containing a range of items including intact panels of Tiffany’s mosaics, Tiffany’s mosaic 
92.  There is a good chance that Tiffany’s water-color for Fahnestock remains unaccounted for either in 
stored boxed at the Metropolitan Museum or The Corning Glass Museum. There are boxes of these draw-
ings and sketches in storage, due to the unknown location of the original intact mosaic. 
Figure 4.2: Tiffany Glass Collection at Neustadt Museum of Tiffany Art 
( source: Neustadt Museum of Tiffany Art)
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studio’s design palette examples, Tiffany’s promotional pamphlets, and a large collection of 
Tiffany’s Favrile glass (every color, size, texture, and pattern). (see Figure 4.2) A distinctive 
feature of this collection is the flexibility in its display, as this collector provides examples of 
Tiffany’s work to various museums across the country to spread the brilliance of Tiffany’s 
work. Aside from their physical archives, Neustadt contains a large archive of oral histories 
from the families of former Tiffany employees to preserve the stories of those who played a 
significant role in Tiffany’s success. 
Charles Hosmer Morse Museum of American Art; Winter Park, FL
 This is the most comprehensive collection of Tiffany’s masterpieces. There is a 
significant portion of this collection that is dedicated to Tiffany’s glass mosaics that are on 
display throughout the museum. The most significant installation being Tiffany’s interior 
chapel from the 1893 World Columbian Exposition, which has been completely restored and 
inserted into a private room on display in the museum. There have been numerous exhibits 
on display currently and in the past that have highlighted the ecclesiastical department of 
Tiffany’s Glass and Decorating Company. 
4.4 Previous Treatment Literature
 There is substantial research on mosaics in the historical realm for decorative 
arts, detailing the evolution of materials and techniques used over time. The main mosaic 
material discussed in the literature is of stone and ceramic tesserae, however scholarship on 
glass mosaics has progressed.93  Until recently there has been limited available scholarship 
detailing mosaic conservation and even less on the conservation of glass mosaics. This trend 
can be attributed to unpublished reports, limited scientific analysis preformed, and/or 
durability of glass mosaics.
 Depending on the situation, the inherent composition of the glass is typically not 
the issue of concern; yet the external factors related to the environment, adjacent materials, 
93.  Getty has a wonderful collection and a soon to be published series of the conservation of mosaics, 
however mostly mosaics detailing mosaic remains at archeological sites.
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and physical manipulation of the mosaics are a much greater issue that warrants the need 
for conservation considerations. Overall there is not much scholarship specifically detailing 
the conservation of Tiffany glass mosaics, thus many of the treatments are drawn from other 
mosaic traditions. 94Detailed below is a review that hopes to provide  greater insight into  
previous conservation treatments that have been performed on glass and glass mosaics, 
furthering the knowledge and awareness on the proper techniques that should be employed 
to preserve these significant surface decorations. 
Emergency Stabilization
 The main goal of emergency stabilization of a mosaic is generally  to secure areas 
where there is the potential for immediate loss of the tesserae from the backing mortar. The 
typical procedures for this temporary intervention are to protect the edges of the mosaic 
as well as locally re-secure the areas that have become detached with an adhesive facing..95 
For the Orpheus Mosaic in Paphos Cyprus, Paraloid B72 (ethyl methacrylate-methyl 
acrylate copolymer) in Chlorothene (1,1,1 trichloroethane) was infiltrated in different 
concentrations until saturation and reestablishment of cohesion was achieved on select 
areas of the mosaic.96 Once the cohesion is established in the weakest areas, areas where 
there is an interstitial space between tesserae are often cleaned and temporarily reinforced 
with a thin mortar of; one part lime and four parts marble powder in water, and packed 
into spaces with palette knives.97 Another method used is the application of thin strips of 
Japanese tissue and acrylic resin in solution (Paraloid B72 in nitro thinner at 15%), which 
can be applied to the surface to prevent further loss of tesserae.98 Each treatment mentioned 
has its own advantages and disadvantages, their success as a temporary stabilizer 
94.  After conversation with conservator Mary Brush who worked on The Chicago Cultural Center and 
Jeanne Pelletier, director of Ayer Mansion, during their conservation efforts at both locations there was no 
material analysis performed on the glass or substrate before conservation treatments were performed. 
95.  The Getty Conservation Institute,” Technician Training for the Maintenance of In Situ Mosaics” (Los 
Angeles: The Getty Conservation Institute, 2011), 105. 
96.  Nicholas S. Price, The Conservation of the Orpheus Mosaics at Phaphos, Cyprus (California: Westland 
Graphics, 1991), 86. 
97.  Marc Waelkens, editor, Sagalassos Five (Belgium: Leuven University Press, 2000), 422. 
98.  Price, The Conservation of the Orpheus Mosaics, 88. 
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greatly depends on the condition of the surface and its environment. In all cases, as this is 
a temporary treatment, it should be reversible and easily removed  by a conservator once 
more permanent treatments can be performed. 
Cleaning  
 Although mosaics are very durable by nature, they can weather and visual alter 
over time. The patina that conceals their color is typically caused by an increase in air 
pollution and by acid contamination with occurs when water and glass interaction causes 
an alteration of the glass composition.99 The removal of this patina of dirt and corrosion is 
not only necessary to return the mosaic to its original appearance but it is crucial to allow 
consolidation coatings to properly adhere to the glass surface. Thus prior to cleaning, 
a thorough study of the composition of the glass and its surface alteration should be 
performed. 
 There are several methods for cleaning glass, which will vary depending on the 
area needing cleaning, and the severity of surface deposits that need removing. Currently, 
there is a wide range of materials available for cleaning glass: water, detergents, chelating 
agents, acids, organic solvents, and biocides.100 Also, recently there have new mechanical 
alternatives for cleaning glass such as laser cleaning and micro-air abrasion.101 Due to the 
fragile nature of glass and often deleterious effects caused by commercially made cleaners, 
caution should be taken when selecting a cleaning solution. Establishing a compatible 
cleaning method for the glass surface will eliminate an overly forceful cleaning of a fragile 
mosaic can lead to further deterioration and detachment of the tesserae.102 
Water and Detergents 
 Water and detergents are the most commonly used cleaning agents. The former 
is more likely to be used for initial cleaning and the latter to be used for removing soiling 
99.  Hernández, “A Technical Study,” 70. 
100.  Sandra Davidson and Roy Newton, Conservation of Glass (Boston: Butterworths, 1989), 164. 
101.  Hernández, “A Technical Study,” 71.
102.  Getty, Technician Training, 107. 
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and contaminants.103 When using water to initially clean the surface of the glass, only 
distilled water should be used as regular tap water may contain calcium, magnesium 
hydrogen carbonates, chloride, and sulphates that can potentially harm the glass.104 In 
the case of detergents, they are typically used with water as a solvent and never at full 
strength. Commercially available detergents may be harmful to the glass surface as they 
may be alkaline or contain chelating agents.. 105 If detergents are to be used, only the non-
ionic type should be considered, as they won’t leave any residues.106For instance, during 
the conservation work of the Tiffany Chapel, the glass tesserae were cleaned mechanically 
with dry soft brushes, followed by a cleaning with a mild non-ionic detergent solution and 
distilled water using small cotton swabs.107 Detergents that can be used for glass cleaning 
vary greatly from aqueous detergents that have been developed to ‘dry-clean’ glass to 
high-foaming mixtures or surfactants that would need rinsing, such as ammonia solutions 
or ethanol or methanol washer fluids. The cleaning solution should always be chosen after 
observation of small areas after treatment to avoid any adverse effects. 
 Previous treatments to glass mosaics employed various glass cleaning techniques 
that reference the above material. During the 1934 restoration of Hagia Sophia, the glass 
tesserae were rubbed with a piece of chamois slightly dampened with a weak solution of 
ammonia-one part ammonia to three parts water-brushed with a bristle brush, and the 
polished with another chamois.108 For The Last Judgment Mosaic in Prague, a mixture of 
ethanol and water mixture was used.109 
103.  Hernández, “A Technical Study,” 70.
104.  Davidson and Newton, Conservation of Glass, 167. 
105.  Davidson and Newton, Conservation of Glass, 166.
106.  Hernández, “A Technical Study,” 72.
107.  The Charles Hosmer Morse Foundation, The Tiffany Chapel, 51.
108.  Natalia B. Teteriatnikov, Mosaics of Hagia Sophia, Istanbul: The Fossati Restoration of the Work of the 
Byzantine Institute (Washington, DC: Dumbarton Oaks, 1998), 39. 
109. The Getty Conservation Institute, “Conservation of the Last Judgment Mosaic: St. Vitus Cathedral, 
Prague” (Los Angeles: Getty Publications, 2004), 82. 
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Lastly, during the restoration of the Tiffany glass mosaic panels in St. Mark’s Episcopal 
Church in Mt. Kisco, New York a 1% aqueous solution of commercial glass cleaner, Micro 
(Cole Parmer) was used for a final cleaning of the glass tesserae and grout.110
Chelating Agents, Acids, Organic Solvents, and Biocides 
 This group of treatments is often used to address severe conditions of patina on 
the glass surface and is more hazardous than the previously mentioned cleaning methods. 
Chelating agents are commonly used to remove heavy glass corrosion products and 
patina. When using a chelating agent, the solution should be mild to ensure it removes the 
metal ions of the corrosion but does not react with the inert composition of the glass.111 
Commercially available solutions with active ingredients of 6% concentration of citric acid 
will remove hard water stains and corrosion on glass without the need for scrubbing. 112 
 Using acids for glass cleaning is cautioned as it etches into the glass and attacks 
calcium silicates, a component in the paste of most hydraulic setting mortars, allowing for 
the potential detachment of tesserae.113 However, if this method is deemed necessary for the 
given situation, the most common mineral acids used on glass are hydrochloric acid, nitric, 
and sulfuric, and hydrofluoric acid.114 This use of acids is more common for manipulating 
and cutting the surface of glass as an aesthetic mark rather than for cleaning, as it has been 
proven to be harmful to the skin and reactive.115
 Organic solvents are often used for the removal of greasy soiling as well as diluting 
and removing polymers present on the surface from previous treatments to the glass 
surface.116 When handling these solvents, it is necessary to use a mild solution when 
available, as they are less toxic and less flammable than full strength solutions and they do a 
110. The Architectural Conservation Laboratory,”Conservation Treatment Report Cowdin Memorial Mosaic 
Diptych Chantry (Resurrection) Chapel, St. Mark’s Episcopal Church, Mt. Kisco, NY.” (University of 
Pennsylvania, 1992), 4. 
111.  Hernández, “A Technical Study,” 72. 
112.  Hernández, “A Technical Study,” 72. 
113.  Hernández, “A Technical Study,” 72. 
114.  Sandra Davidson, Conservation and Restoration of Glass (Boston: Butterworths, 1996), 203. 
115.  Davidson and Newton, Conservation of Glass, 166.
116.  Hernández, “A Technical Study,” 73. 
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comparable job to remove surface deposits.117
 Biocides are solely used to effectively prevent the growth of microorganisms, algae 
or lichen on the glass surface. This condition typically occurs in outdoor environments 
and is less of an issue for interior decorative surfaces, unless they are exposed to external 
elements. Nonetheless, when this condition is present, the most effective treatment is 
the use of 2-Hydroxybiphenyl with water to create a weak solution makes the organisms 
resistant to the biocide.118 Another recommended treatment for glass conservation is the 
use of Santobrite, Tego 51B, and Thalnox Q all which have been used successfully to prevent 
re-growth.119 Further testing is always recommended to observe how treatments will react 
to the site, however in any case treatments should be as non-toxic as possible to prevent 
further deterioration of glass. 
Laser and Micro Air Abrasion
 These two glass-cleaning methods are the most recently used mechanical cleaning 
methods that can be applied to glass surfaces. Laser cleaning, has been a successful method 
when used on other materials, but its efficiency needs to be studied further for is use on 
glass. However, if proven to be an effective treatment, the laser would be able to remove 
surface corrosion.120 Currently, it appears that the use of lasers for glass cleaning is risky, 
as balancing appropriate wave-and pulse length and radiation density in relation the 
glass surface causes challenges and potential damage to the glass.121 In comparison, micro 
air-abrasion technology is a more established technique used on glass and is practically 
unlimited in the range of products that can be used such as aluminum oxide, soft marble 
dust, ground olive kernel, glass beads, and many more.122 This technique is very versatile 
and allows the matching of the glass properties with the characteristics of an appropriate 
117.  Getty, Conservation of the Last Judgment Mosaic, 170. 
118.  Davidson and Newton, Conservation of Glass, 169. 
119.  Davidson and Newton, Conservation of Glass, 169. 
120.  Hernández, “A Technical Study,” 73. 
121.  Getty, Conservation of the Last Judgment Mosaic, 171. 
122. Davidson and Newton, Conservation of Glass, 168. 
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abrasion product.123 This is a very efficient cleaning method and good for the cleaning 
of large surface areas, yet is more expensive than traditional mechanical cleaning. This 
cleaning method has been proven successful since the 1970’s and was most recently used 
during restoration of That Last Judgment Mosaic in St. Vitus Cathedral, Prague.124
Consolidation
 Consolidation is the application of a material to another surface through penetration 
of an existing pore system to improve the cohesion and mechanical characteristics of the 
altered layers to the non-altered material beneath.125 This treatment will ensuring the 
material is resistant to atmospheric attacks and water infiltration. Before consolidates are 
applied, proper cleaning of the glass is critical for proper adherence of the consolidant and 
to reduce the risk of treatment failure. It is important to have a thorough knowledge of 
deterioration mechanisms and environment affecting the condition of the glass to determine 
an appropriate consolidant.126 
 Recent studies have advanced on how to prepare the areas to be refinforced and to 
apply consolidant and to reinforce both in depth and on the surface of the mosaic to treat 
the edges and lacunae.127 When consolidation was done at the Tiffany Chapel-the main 
chapel elements were consolidated with Rhoplex AC234 at the damaged areas and smaller 
areas of fragments were reattached with B-72 acrylic copolymer.128 Similarly, during the 
1992 restoration of the glass mosaic panels at the Chapel of St. Mark’s Episcopal Church in 
Mt. Kisco, NY all glass tesserae were re-adhered onto the original Keene Cement plaster with 
30% B-72 solution in ethyl acetate.129 It is important to account for the surface you are apply 
consolidant, especially for application to a curved surface, proper stabilization and setting 
123.  Getty, Conservation of the Last Judgment Mosaic, 173. 
124.  Getty, Conservation of the Last Judgment Mosaic, 172. 
125.  Waelkens, editor, Sagalassos Five, 442. 
126.  Marco Verita, Technology and Deterioration of Vitreous Mosaic Tesserae, 69. 
127. Roberto Nardi, Treatment of Mosaics in Situ (Rome: CCA, Centro di Conservazione 
Archeologica, 1996), 41. 
128.  The Charles Hosmer Morse Foundation, The Tiffany Chapel, 55. 
129.  The Architectural Conservation Laboratory, St. Mark’s Episcopal Church, 5. 
                                                                                                                                                       CHAPTER 4
60
time is key, thus wooden supports have proven to be useful and can be installed to press the 
plaster and or tesserae against the wall. 130
Replacement and Relaying 
 Areas where the tesserae are completely lost, relaying of new tesserae should 
be considered to complete or reintegrate designs as necessary and protect the structure 
underneath and the surrounding tesserae. Where there are areas of loss, setting mortar 
and grout should be prepared that matches the color and mechanical characteristics of the 
surrounding mortar.131 In those cases where setting mortar is in place, replacement tesserae 
can be re-laid that match the original glass.132 For all work on in-situ mosaics, it is strongly 
advised to use natural lime based mortars (lime putty or hydraulic lime) because of their 
lower bond strength than cementitious mortars. Areas where tesserae cannot be replaced 
in kind, the lacunae should be filled with a compatible mortar mixture, and tinted with 
coloring to reunify the decorative surface.133
Surface Intrusions 
Salt
 Efflorescence is directly related to the environment in which the mosaic exists and 
is usually associated with the presence of moisture.  Moisture is detrimental to building 
materials as it allows for salts either present within mortar or from external sources to 
go into solution, and then crystallize on or below the surface of the setting mortar and/or 
substrate and migrate into the glass surface. Salt cycling is a reoccurring problem depending 
on the source of the salts and the access to moisture.. Previous methods for salt removal 
are mechanical and chemical. In previous cases where effloresce has been an issue for glass 
mosaics, such as the Clark Mausoleum at Woodlawn Cemetery, Integrated Conservation 
130.  Teteriatnikov, Mosaics of Hagia Sophia, 40. 
131.  Hernández, “A Technical Study,” 80. 
132. Integrated Conservation Resources, “Survey, Testing, and Repair Recommendations: Clark 
Mausoleum, Woodlawn Cemetery, Bronx, New York “ (Integrated Conservation Resources, 2006), 7. 
133.  Teteriatnikov, Mosaics of Hagia Sophia, 45. 
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Resources, Inc. removed the majority of the efflorescence on the mosaic surface by 
brushing or scrubbing the surface once the interior environment’s humidity levels were 
stabilized134 Further recommendations were noted that depending on the type of salt and if 
the efflorescence is completely hardened onto the material surface it may become difficult 
to remove mechanically and an acid-based solution should be used.135 However, using an 
acid is not recommended due to the potential etching of the glass. To prevent salts from 
reoccurring and damaging the glass and setting materials, water infiltration needs to be 
addressed. 
Cracks
 Superficial cracks in the glass surface as small fissures on the surface are considered 
to be points of weakness from which further damage may propagate. Cracks can occur if 
the glass is subjected to mechanical or thermal stresses and cause discontinuities in the 
cohesive surface.136 In order to prevent cracks from lengthening and water infiltrating 
them, the introduction of a highly mobile epoxy resin through capillary action has been 
suggested.137 Care should be taken so that the adhesive matches the color of the glass and 
ultraviolet light exposure is kept to a minimum to avoid photo-degradation.138
134.  Integrated Conservation Resources, Clark Mausoleum, 8. 
135.  Integrated Conservation Resources, Clark Mausoleum, 10. 
136.  Davidson, Conservation and Restoration of Glass, 180. 
137.  Davidson, Conservation and Restoration of Glass, 181.
138.  Davidson, Conservation and Restoration of Glass, 183. 
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Chapter 5    Current Conditions 
 5.1 Documentation and Representation
 
Graphics can be an extremely effective tool for information communication in the 
field of architectural conservation if used correctly. According to nearly every charter, 
documentation and recording are the foundation for any preservation project. Careful 
measurements and visual recording such as rectified photography allow a building’s 
surface to be captured architecturally and in its material realities. Through graphics, 
a representation and enhancement of current conditions can be recorded, analysis of 
conditions can be performed, and treatment protocols can be assessed.  A preservation 
project can rarely be captured through one method as evident in case of the documenting 
the interior mosaics of the Fahnestock Mausoleum where two separate methods were 
chosen to capture the dome, pendentives, and lunettes. Each graphic method shares the 
same goal of creating an image that is an accurate and comprehensible representation of 
space and area in relation to the current conditions of the mosaic surface under analysis. 
The pendentives and lunettes were documented using rectified photography. A 
ladder was placed in the center of the floor in the interior of the mausoleum and a Cannon 
EOS Rebel T3i SLR Digital Camera was mounted on a tripod atop the ladder. The mosaic 
surfaces were lit from below with quartz halogen photographic lights to evenly illuminate 
the surface. Once in position, an image was taken at eye level at the center of the mosaic 
field. However, since all the pendentives and lunettes are recessed between marble arches 
or inset in marble arches, a shadow was cast onto the edges of the mosaic surface due to 
the masonry surround. To eliminate the shadows, two photographs were taken diagonally 
from each side of the mosaic and rectified and merged in Adobe Photoshop, to reveal the 
entire surface orthogonally. The pendentives and lunettes were next scaled using existing 
architectural drawings in combination with points taken at strategic locations on each panel 
with a Nikon NPR 302 Series total station. 
The dome was documented using an entirely different display method of map 
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projection rather than rectified photography. In this method, a combination of two different 
projections were used, conic and polar, to accurately record the entirety of the dome’s 
surface to represent its shape and area with minimal distortion. This step was critical in 
order to photographically represent the dome’s mosaics and their current condition. The 
decision to use map projections to document the dome arose after thorough research and 
experimentation with various methods of recording as discussed below. 
It is well-known fact that a flat map cannot represent the surface of a sphere (or 
dome) without distortion.139 Many have tried to quantify the surface area of the dome on 
a flat surface through the common approach called map projection, which is a systematic 
representation of all or part of the surface of a round body, typically the earth, onto a 
flat plane.140 Several maps have been produced and published that claim to be accurate 
representations of a given surface; however, the more map projections try to minimize 
or eliminate some of the distortion, more distortion is created in areas that are of ‘less’ 
importance. The illusion of completeness that a map creates, tricks the mind and eye to 
believe that certain representations of objects are accurate even if they are distorted in 
appearance, because one can perceive the object in three-dimensions. (see Figure 5.1) 
However, when presented with representations of rounded surfaces, like a dome that is 
flattened or broken into segments, the result looks distorted even though it is more accurate 
in representation.  Our mind disconnects because a whole surface cannot be pieced together 
and perceived as whole surface. (see Figure 5.2) 
139.  John P. Snyder, Flattening the Earth (London: The University of Chicago Press, 1993), 1.
140.  John P. Snyder, Flattening the Earth (London: The University of Chicago Press, 1993), 1.
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Figure 5.1:Complete, yet Compromised Projection (source: www.mappery.com)
Figure 5.2: More Accurate in Shape, but Interrupted Complete Whole (source: www.mappery.com)
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Geographers and cartographers alike have attempted to eliminate surface 
distortions but the resultant form in and of itself becomes an integral part of the artist’s 
work and creates works that are perceived accurate to the observer, yet unrealistic in the 
two-dimensional representation of three-dimensional surfaces. A perfect example of this 
faux representation is within the Church of Saint Ignatius of Loyola at Campus Martius 
in Rome, Italy. The ceiling is painted with a fresco of a dome that appears to be three-
dimensional from a particular vantage point within the church, however in actuality; the 
dome is painted on a two-dimensional surface to create an illusion. This false impression 
created by Andrea Pozzo, took advantage of perspectival projection to make the observer 
see and perceive the appearance of a dome, yet in creation he fully understood the need to 
incorporate distortion from the start. (see Figure 5.3) Another example that incorporated 
distortion into its design is the Pantheon in Rome, Italy. In this significant architectural 
work, the architect, Apollodorus of Damascus, created a visually coherent mass on the 
ceiling that portrayed depth and optimal effects.  He designed the coffers (recessed squares) 
in different sizes to retain their proportions along the rising curvature of the dome’s surface. 
(see Figure 5.4) An accurately recorded surface that eliminates distortion yet in display is 
perceived as incomplete because of its fragmented appearance, or an inaccurately created 
or depicted surface that in representation is visually perceived to be accurate because of 
its complete form. Both attempts reveal how distortion must be taken into account when 
designing, however Church of St. Ignatius acknowledges the importance of making this point 
of representation to the viewer more clearly. 
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Figure 5.3: Church of St. Ignatius of Loyala at Campus Martius in Rome Italy.  (source: Kahn Academy, 2013)
Figure 5.4: Interior Dome; Pantheon, Rome, Italy (source: Kahn Academy, 2013)
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This conservation plan used a “middle ground” technique to capture an accurate 
representation of space and area and segmented pieces of the domed surface to show a 
complete intact surface image, albeit separated. As documentation of the space and staged 
experimentation of the dome commenced, two distinct methods emerged. The first method 
of recording closely relates to capturing a polar projection of the dome’s mosaic surface and 
the second method relates to capturing a conic projection of the same.    
Polar projects were taken from the center of the mausoleum floor, with the camera 
parallel to the floor, pointing upwards to capture a series of single images with the capture 
plate of the camera aligned parallel to the oculus at the dome’s apex. (see Figure 5.5) Each 
individual photo was stitched together and shadows eliminated using Adobe Photoshop 
to create a composite or montaged image of the entire surface. (see Figure 5.6) However, 
in reality this method did not result in a full representation of the dome’s entire surface, 
because a five-inch band along the lower circumference of the mosaic surface is concealed 
behind the masonry ring due to the photographic angle. In addition increasing distortion 
of the tesserae was apparent from the lower part of the mosaic surface by the masonry 
ring,  causing elongated tesserae. For recording purposes, the montage image was digitally 
gridded and divided into nine individual printed sheets and brought into the field for 
recording. (see Figure 5.7) However, when these individual sheets were brought into the 
field for condition recording, because of the extreme distortion present on the sheets, the 
shapes and size of the conditions represented graphically and in reality did not correspond 
with one another, thus proving it to be difficult to locate the areas of the mosaic spatially 
within the mausoleum.
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Figure 5.5: Polar Digram, Dome Capture Method 1 (source: by author, 2013)
Figure 5.6: Complete Polar Image of Dome (source: by author, 2013) 
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The second method of recording is closely related to capturing a conic projection 
of the dome’s mosaic surface. Unlike the recording in the first method, these images were 
taken from a central point within the dome parallel to the masonry ring of the dome. The 
camera was suspended centrally in space by a painter’s pole and held parallel to the mosaic 
surface at the field of view’s center, rotating the camera 360 degrees in a constant position 
to record the dome in overlapping bands across the entire surface. (see Figure 5.8) These 
single images were then processed by Hugin, a panorama photo stitching software, where 
individual images with significant overlap can be converted into a single image, achieved by 
establishing overlapping control points in adjacent images. The stitched images were then 
manipulated in a series of different projections to maximize the optimal view desired. (see 
Figure 5.9) 
Figure 5.7: Polar Projection, Recording Method 1 (source: by author, 2012)
                                                                                                                                                       CHAPTER 5
70
Figure 5.9: Complete Conic Image of Dome (source: by author, 2012)
Figure 5.8: Conic Diagram, Dome Capture Method 2 (source: by author, 2013)
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A conic projection was chosen because it minimized distortion of the surface area 
of the mosaic keeping the shapes of the conditions and tesserae at relatively the same 
proportions while at the same time uncovering the mosaic band concealed in the previous 
projection. (see Figure 5.10) This projection is not as easily perceived as an accurate 
representation of a curved surface because of the double curvature but in actuality is more 
accurate than the conic projection. Yet it is not a complete representation of the dome’s 
entire surface for it distorts the central area of the dome previous captured in the polar 
projection. While in the field, the full image was divided into four slices or segments, which 
in totality represent the entire lower section of the dome. (see Figure 5.11) This method 
proved to be much more effective for field condition recording, since the shape and area of 
the graphic produced optimizes the appearance of the lower dome while depicting most of 
its tesserae without distortion.  (see Figure 5.12)
In conclusion, there is no one method of recording that can easily capture and 
Figure 5.10: Hugin Computer Software Used for Conic Projection Method (source: by author, 
2012)
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accurately depict in two dimensions the entire curved surface of the dome in one image 
without a degree of distortion. However, using both methods described previously, allowed 
for a compromise of representing the dome form and its surface. (see Figure 5.13) Through 
this combination of methods, the entire mosaic surface was recorded to allow for both 
condition survey and diagnostics related to spatial and geometric realities. In addition, there 
are two complete projections of the dome with their respective distortions that provide 
a sense of the overall distribution of conditions across the entirety of the mosaic surface, 
providing a visually complete and comprehensive picture of the condition of the mosaics. 
The process and recorded methodology for the mosaics within the Fahnestock 
Mausoleum was detailed diligently, not only for the purpose of accurately documenting the 
mosaic surface for this thesis, but for the reader to gain a better understanding of a common 
problem of depicting complex three dimensional surfaces in two dimensions for condition 
survey. The important point is that completeness is not synonymous with accuracy. Thus, 
deconstructed volumes should not be avoided simply because they are perceived to be 
incomplete or inaccurate. Completeness can be inferred through various traditional 
methods such as projection when used correctly. 
Figure 5.11: Conic Projection, Recording Method 2 (source: by author, 2012)
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Figure 5.12: Accuracy of Shape from each Projection Method; Polar Projection (Left) and Conic Projection (Right) 
(source: by author, 2012)
Figure 5.13: Combined Method Diagram, Chosen Recording Method (source: by author, 2013)
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5.2 Mosaic Condition Survey 
The deterioration of the glass mosaics within the Fahnestock Mausoleum can 
be attributed of multiple factors. Those factors include the exterior conditions of the 
mausoleum directly influences the interior environment and deterioration of the interior 
mosaics. These conditions may have developed independently or coincidentally with 
external factors such as the location, exposure to localized weather conditions, material 
composition, and installation methods. Due to their size and concealed location within such 
an intimate space as the mausoleum, an in-depth inspection and analysis was performed 
in its entirety.141  Provided at the end of this chapter is a complete graphic glossary of the 
conditions observed and recorded in the field. (see Illustration X.1) Each mosaic element 
was studied individually and in relationship to one another to fully access the severity of 
their conditions. This assessment provided information to prioritize and identify the critical 
conditions and further define their deterioration mechanisms.
5.3 Glossary of Condtion Types
A. Structural Conditions 
Structural conditions directly affect the overall stability of the mosaic elements and 
include several components: setting mortar, preparatory mortar layer, and substrate, and 
the consequential effect on the nonstructural mosaic tesserae. Structural failure can be 
limited to intrinsic failure of the panels or the larger influence of extrinsic environmental or 
structural failures.
 Partial Loss 
 Partial Loss is the most disruptive of conditions because it completely disrupts the 
visual and structural integrity of the designed decorative mosaic surface. The level of loss 
varies throughout the entirety of the mosaic, ranging from single tesserae loss to entire 
sections of mosaic that are missing. Loss may be caused by many factors; the most probable 
141.  All illustrations will be included at the end of this chapter
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factor is a result of water infiltration, which has a direct effect on the adhesion between the 
tesserae and the bedding mortar.  
 Preparatory Mortar Layer Loss 
 This condition refers to areas where the setting mortar and tesserae are missing, 
exposing the preparatory mortar layer and/or substrate beneath. This condition is the most 
visually detracting condition and located in concentrated areas of interior mosaics and 
has the potential to structurally compromise large areas if the condition remains active. It 
appears in association with water infiltration and substrate deterioration. 
 Cracking
 Cracking within the mosaic is characterized as continuous and discontinuous linear 
breaks through the surface of the glass tesserae, which may also penetrate into the lower 
setting and bedding mortars and masonry support. Cracks can be induced either by water 
infiltration and swelling causing tensile stresses, by structural compression from settlement 
or movement, and/or salt or corrosion crystallization pressure.  All cracking creates a visual 
disruption, potential weakness and detachment, especially in the dome, and often exhibit a 
halo of moisture suggesting water intrusion.   
B.  Surface Conditions
  Surface conditions are characterized as a category of conditions directly affecting the 
material composition of the tesserae and not the preparatory mortar layer or substrate.  
 Previous Treatment 
 This condition refers to known areas where attempts have been made to temporary 
stabilize the mosaic surface. In this survey, at risk mosaic areas were preserved in place 
through application of thick ply Japanese tissue paper and three different types of 
adhesives. Graduate students whom were currently studying at Columbia University’s 
School of Architecture, Planning, and Preservation applied this treatment during the spring 
of 2012.142
142.  Caterina Charalambides et al.,“ Preliminary Conditions Assessment, Interior Mosaics, Fahnestock 
Mausoleum at Woodlawn Cemetery” (New York: Columbia University Graduate School of Architecture, 
Planning, and Preservation, 2012). 
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 Tesserae Detachment 
 This condition refers to areas of mosaic where the tesserae have lost adhesion to 
their setting mortar but are not fully detached.. Groups of tesserae are held together in place 
only by their grout, creating a very fragile mosaic condition. These conditions can visually 
be identified and typically surround areas of total loss.  Total loss and tesserae detachment 
appear to be associated and the result of water intrusion from behind.  
 Fractured Tesserae 
 The fractures in the tesserae are characterized as spider like cracks. They follow no 
particular pattern within each individual tesserae, and occur throughout the surface of the 
interior mosaic. Depending on the exposure to the elements and location of installation of 
the mosaic within the interior structure, the intensity of this condition varies.  These are 
most likely stress cracks from compressive and tensile forces due to small dimensional 
changes in the backing mortar from hygric and hydric expansion as well as structural 
movement.   
 Efflorescence
 This condition appears as white-crystalline deposits, powder-like in appearance, 
loosely adhering to the grout between the tesserae and on the exposed mortar substrate. 
This condition appears in select areas of the mosaics, usually associated in areas where 
water is gaining access from the exterior, wetting the setting and substrate mortars and 
crystallizing the soluble salts to the surface. This results in weakened substrate and 
detachment of the tesserae in place. Efflorescence is present on all of the mosaics and is 
displayed in various stages of intensity through the mosaic, generally found near areas 
where tesserae had been previously lost. 
5.4 GIS Condition Survey Analysis 
The current condition survey documented individual conditions that were present 
on all nine interior mosaics located within the Fahnestock Mausoleum. Although these 
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conditions were recorded separately, they were later analyzed in relation to one another 
and according to their location and subsequent environmental factors. The information 
recorded in the field was processed and digitized using ESRI-GIS software (ArchGIS) to 
allow the spatial display of data and relationships. Included at the end of this chapter is a 
locational graphic sheet, to be used as an aid to guide through the set of condition sheets. 
(see Illustration 1)
Dome
Of all the interior mosaics, the dome is experiencing the most noticeable and severe 
conditions: partial loss, tesserae detachment, efflorescence, preparatory mortar layer 
loss, and minor cracking. The dome can be divided into two sections; the upper and lower 
sections. The upper section of the dome is defined by the area closest to the oculus and 
continues halfway down the curvature of the dome. The lower section of the dome begins 
where the upper section ends and continues until it meets the masonry ring, which supports 
the entire dome. In both sections partial loss of the glass tesserae and grouting are apparent, 
but to a much larger extent in the lower section of the dome. Tesserae detachment is evident 
on both sections of the dome, primarily around the edges of large areas of partial loss. 
Preparatory mortar layer loss is another active condition present on the dome, primary in 
the lower section of the dome where partial loss of the glass tesserae has occurred; severe 
damage has been observed above the masonry ring of the dome. These conditions (partial 
loss, tesserae detachment, and preparatory mortar layer loss) appear to coincide uniformly 
with one another and in varying degrees of severity, the most severe occurring through 
the lower section of the dome. Efflorescence and cracking appear in isolated areas and 
typically coincide with conditions of partial loss and bedding mortar loss. Additionally, the 
overall surface of the glass tesserae and grout is somewhat obscured by soiling and possible 
previous coatings which can be discerned by visible patches of color changes across the 
mosaic surface.  (see Illustrations 10-16)
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Lunette (s) 
There are four lunettes, which contribute to the interior mosaic composition, and 
each displays variations of multiple conditions. The conditions observed on the lunettes 
are: partial loss, efflorescence, cracking, fractured tesserae, and tesserae detachment. On 
all lunette panels, cracking is the most abundant condition present, yet the least intrusive 
condition in regards to deterioration. The south and east lunettes have the highest density 
of cracks, in comparison to the west and north lunettes. The largest cracks, typically two to 
four feet in length, appear to start in the central portion of the arched panel and continue 
in a discrete pattern vertically through the entire panel. Additional cracks, approximately 
six inches to over a foot in length occur in no particular pattern or size through the panel, 
however the majority of cracks run vertically through the mosaic band present on each 
panel. When cracking is present through the mosaic panel, a moisture halo surrounds the 
edges of the crack underneath the glass tesserae. In addition fractured tesserae are visible 
on each panel, which appear to occur in no particular pattern or in coincidence with a 
surrounding condition, yet when present are typically in between the larger cracks through 
the mosaic panel. Efflorescence is present on all lunettes, most visible on the grout in 
between the glass tesserae and as white deposits which have leached onto the glass surface, 
visible at the start or end of a lengthening crack, and along the edges of the panel closest to 
the grout and stone surround. Partial loss and tesserae detachment occur the least on each 
panel, occurring only in small patches located closest to the edge of the each panel within 
the chevron-designed band. (see Illustrations 6-9)
Pendentive (s) 
 There are four pendentives within the interior mosaic composition inset within the 
corners of where the inlaid marble arches and the lunettes meet; each display varying level 
of deterioration. Out of all of the interior mosaics, these mosaics have the smallest surface 
area and display the least conditions. The conditions observed on the pendentives are: 
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partial loss, bedding mortar loss, cracking, fractured tesserae, efflorescence, and previously 
treated surfaces. It appears that the areas of mosaic adjacent to the marble surrounds 
display the greatest as opposed those areas located elsewhere on the mosaic surface. 
Cracking occurs on all pendentives either vertically through the central portion of the 
mosaic surface or horizontally through the chevron-designed band. Efflorescence appears 
in excess typically along the edges of the mosaic panel within the mortar and grout, and in 
some areas where efflorescence has leached on to the glass surface, largely noticeable on the 
southeast pendentive. Partial loss and bedding mortar loss occur in coincidence with one 
another, typically in the upper areas of the pendentives closest to the masonry ring of the 
dome. Fractured tesserae appear in isolated areas within the mosaic surface, in particular on 
the southeast and southwest pendentive and few individual tesserae within the Northwest 
pendentive. (see Illustrations 2-5) 
                                                                                                                                                       CHAPTER 5
80
FAHNESTOCK TOMB GLASS MOSAICS | CONDITIONS GLOSSARY X.1 (Part 1)
A Conservati on Plan for the Tiff any  Glass Mosaics of The  Fahnestock  Mausoleum at  Woodlawn Cemetery 
PREVIOUS INTERVENTIONS
PREVIOUS TREATMENT
Known areas where att empts 
have been made to temporar-
ly stabilize the mosaic surface.
STRUCTURAL CONDITIONS:
CRACKING
Linear breaks visible across the 
surface of the mosaic, which 
may also penetrate into the low-
er bedding mortar and substrate. 
Aquazol 100 + 20% Water;
 Southeast Pendenti ve 
20% Paraloid B-72 in acetone; 
 Southwest Pendenti ve 
PREPARATORY MORTAR LAYER LOSS
Areas where the bedding mortar and 
tesserae are missing, exposing the 
substrate beneath. 
INCHES INCHES
INCHES INCHES
INCHES
PARTIAL  LOSS
Areas of the mosaic where the
tesserae are missing. 
INCHES
81
SURFACE CONDITIONS:
FRACTURED TESSERAE
Tesserae displaying a fi ne linear net-
work of cracks through their glass 
body, usually in associati on with 
sub-surface cracking. 
EFFLORESCENCE
Generally white crystalline    
deposits, loosly adhering to the grout 
between the mosaic tesserae and on 
the exposed setti  ng mortar, power-
like in appearanace. 
TESSERAE DETACHMENT 
Areas of the mosaic where the 
tesserae have lost adhesion to the 
bedding mortar but remain in place. 
INCHES INCHES
INCHES INCHES
INCHES
*Defi niti ons of terms used are based on Mosaic in Situ Project: Illustrated Glossary developed by the Gett y Conservati on Insti tute and 
 Yaritza Hernández’s thesis, A Technical Study and Conservati on Proposal for the Glass Mosaic Decorati on of Villa Caparra in Guaynabo 
 Puerto Rico
FAHNESTOCK TOMB GLASS MOSAICS | CONDITIONS GLOSSARY X.1 (Part 2)
A Conservati on Plan for the Tiff any  Glass Mosaics of The  Fahnestock  Mausoleum at  Woodlawn Cemetery 
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This diagram shows the 
evoluti on of the
  Fahnestock  Mausoleum 
from three-dimensional 
model form into a 
two-dimensional graphic. 
The fi nal two-dimensional 
graphic is used through the 
sequence of drawings as a 
locator map to illustrate the 
placement of each mosaic 
within their proper context 
on the interior of the 
mausoleum. 
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This diagram explains the 
division of the dome into 
smaller pieces that are 
accurate representati ons 
of the area and shape of 
the current conditi ons 
present on the dome. The 
schemati c of the dome
 illustrates how each 
secti on of the dome is 
broken into two pieces 
that physically align in 
three-dimensional form, 
yet when represented in 
two-dimensional form are 
skewed. The light dott ed 
line in the overall diagram 
represents the overlap 
present within each 
individual secti on of the 
dome, visually connecti ng 
the secti ons for the viewer 
of how the pieces fi t 
back together as a single 
surface of the dome. 
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C.2
The two parts displayed 
are from the same secti on 
of dome and intenti onally 
do not visually align due to 
recording methods which 
were undertaken to elimi-
nate  distorti on. The graphics 
displayed accurately display 
the area and shape of the 
conditi ons currently present 
on the dome. The graphic 
aid of the lines ending in a 
full and hollow circle, allow 
the viewer to visually under-
stand how the two parts fi t 
back together to complete a 
secti on. 
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Chapter 6    Material Analysis 
 Analysis of the mosaics in the Fahnestock Tomb included both visual 
characterization and material analysis of the glass tesserae, their support, and deterioration 
products such as efflorescence.  Samples were carefully removed from deteriorated areas of 
the mosaic or were gathered from materials that were already detached; using this method 
was found to be the least invasive and did not damage the mosaics. Since there appears to 
be no published analytical data on Tiffany’s mosaic materials, analyses were performed to 
better understand the materials and methods as well as identify deterioration problems. 
Without this investigation, suitable treatments and recommendations for restoration cannot 
proceed. Two analytical methods, x-ray diffraction (XRD) and optical microscopy (OM) 
complemented by several secondary tests were used during this study. XRD was chosen 
to determine the mineralogical composition of the salts present within selected samples, 
and OM was chosen to visually characterize the setting and preparatory mortars from the 
dome and northeast pendentive.  Secondary tests included gravimetric analysis of setting 
mortar, semi-quantitative analysis of salts, pH and chemical spot testing. Other various 
samples that were carefully removed or collected from the mosaic, which were of limited 
quantity and size were visually characterized rather than analyzed. However, as those 
samples were not analyzed, but visual characterization proved to be a valuable strategy and 
beginning evaluation point for both materials, where comparisons were made and material 
manufacturing was understood.  For clarification, all the above procedures were performed 
in the Architectural Conservation Laboratory at the University of Pennsylvania, unless 
otherwise stated.
6.1 Mosaic Composition by Visual Characterization
 Imaginative experiments by Tiffany and his artists led to an almost infinite variety 
of decorative glass types complete with desired flaws other glassmakers were trying to 
avoid.143 His technique, diverse and varied, distinguished itself by its texture, color, and 
artistic essence in every aspect of its creation.  Although it is difficult to know precisely 
143.  McKean, The “Lost” Treasures, 33.
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the recipe for Tiffany’s glass without complicated analysis, each individual piece of Tiffany 
glass contains visual traces of manufacturing techniques and presumed color recipes.144  
From these traces, a visual study of the glass was conducted which produced a typology of 
Tiffany’s glass and manufacturing methods; with a particular focus on the visual evidence 
of the glass mosaics from the Fahnestock Tomb. Some sources have discussed a gap in 
scholarship on Tiffany’s manufacturing technique and color production. Glass tesserae 
samples obtained from the Fahnestock Tomb were not analyzed due to time restrains and 
preliminary observations of deterioration not directly affecting the glass; however the high 
pH of the setting mortars still after over 100 years suggests possible latent deterioration 
mechanisms for the glass, especially in areas of water penetration.
6.1.1 Tiffany’s Favrile Glass Characterization 
 Glass, although varied in appearance is quite simple in composition with three main 
ingredients: silica, fluxes, and stabilizers.145  Depending on the type of glass produced, the 
amounts of the previous three ingredients vary in distribution. Of the varied types of glass: 
soda-lime glass, potash-lime glass, and potash-lead glass, Tiffany’s glass falls into a category 
of its own which is characterized as a traditional ‘lime glass.’146  The typical composition of 
lime glass is approximately 70% silica, 15% soda, and 10% lime.147  The main ingredient, 
silica (SiO2), is generally quartz sand and requires a stable and high temperature of 1000C 
to be melted.  Many furnaces could not achieve a stable high temperature therefore it 
was necessary to lower the melting temperature by adding what are known as ‘fluxes.’148 
Typically, alkali metal oxides are introduced into the mixture and act as a network modifier 
to the silica batch. However, the modifier Tiffany used was soda (sodium oxide), which 
allowed the glass to set more easily. In addition, stabilizers were added to the batch to 
144.  During the condition assessment of the condition of the glass intact within the interior and of fallen 
pieces, there were not forceful evidence that the glass itself was deteriorating; thus due to time limitations 
and other critical deterioration mechanisms, a characterization of type was developed instead for visual 
reference and to further the knowledge of Tiffany’s glass manufacturing process. 
145.  Davidson, Conservation and Restoration of Glass, 73. 
146.  McKean, The “Lost” Treasures, 81. 
147.  McKean, The “Lost” Treasures, 85. 
148.  Hernández, “A Technical Study,” 43. 
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reduce viscosity and eventual crizzling.149 The most common stabilizers used were alkali 
earth metals, such as lime or metals such as lead; Tiffany preferred to use lime for its water 
resistance properties it added to glass. In addition, metals or metallic oxides were used as 
coloring agents.150 Once additives were introduced into the batch of glass--glass remains 
colorless; yet when additives were introduced effectively any colors could be produced.151  
 Color can effectively be created in any type of glass, thus color cannot truly be 
used for classification; the amounts of silica, and type of fluxes and stabilizers are more 
appropriate for characterization.152 The exception is found in Tiffany glass, where vivacious 
coloring affects embedded intrinsic subtle hues and shades. Each color of glass called 
for a special formula and unique handling. Depending on the richness of color, particular 
amounts of oxides and scales were added to the bath of glass in the molten state. For 
example for shades of blue; cobalt oxide, copper scales, and copper oxides were added to 
the batch of glass in the molten state. Favrile glass is known for its multicolored striations, 
opalescence, iridescence, and surface treatments, which were created by exposing the glass 
to chemicals and fumes of molten metals during the glass blowing and making phase.153  In 
particular, Tiffany’s opalescent effect may include saltpeter, bone ash, arsenic, salt, black 
antimony, and manganese for the iridescent effect, hot glass was sprayed with tin and irons 
salts or a film of metal or oxide would be formed and exposing it to vapors or gases by 
direct application to form such surface.154  Further distinguishing features of Tiffany’s glass 
aside from the varying fluxes and stabilizers added to the silica batch include the ingenious 
interplay of chemical formulas, furnace fuels, and temperatures intermixed, as well as the 
hand manipulation of molten glass which allowed extraordinary variance within each batch 
of glass. 
 Tiffany’s glass manufacturing process revived the traditional methods of glass 
149.  Davidson, Conservation and Restoration of Glass, 82. 
150.  McKean, The “Lost” Treasures, 84.
151.  Davidson, Conservation and Restoration of Glass, 73. 
152.  Hernández, “A Technical Study,” 44. 
153.  Crouch, The Mosaics of Louis Comfort Tiffany, 280. 
154.  McKean, The “Lost” Treasures, 91. 
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manufacturing and invented new methods to complement.155 Within the studio, the process 
of glass making started with approximately sixteen small pots made of fire clay with glory 
holes.156 Within these pots, craftsmen were able to heat and reheat the glass to a liquid, 
often at temperatures in excess of 2700°F, which produced ‘pot metal,’ a liquid glass. At 
this temperature glass had the consistency of honey, however when ready to be ‘worked,’ 
the temperature is reduced to 1700°F, which turns the liquid honey-like glass properties 
into honey on a cold day.157 When a batch of glass is produced many factors interplay with 
each other such as how the glass will be used, whether there needs to be particular surface 
textures, an understanding how long the pot must be held in melt, and what chemicals 
need to be added/what chemicals are the atmosphere react to it. These are some of the 
most important considerations necessary to achieve a particular color and effect. The most 
common types of glass produced by Tiffany were: opalescent, drapery, ripple, confetti 
or foliage, spotted, streaky, hammered, plated, iridescent, metallic foiled, and flat sheet 
glass.158 Any combinations of these types of glass were used to complement another to bring 
Tiffany’s mosaics to life. The method in which Tiffany arrived at these various types of glass 
heavily relied on the technique and means in which the glass was manipulated. The common 
methods used were a combination of the following methods: 1) 19th century inventions of 
the glass blowing (muff or crown method), 2) commercially rolled sheet glass method, 3) 
hand ladling pools of molten glass onto a sheet of iron (naturally creating ripples and ridges 
when cooled), and 4) scattering fragments of glass on an iron table covered with molten 
glass and gently blended.159  Within the Fahnestock tomb a variance of these particular glass 
types can be observed, and their general manufacturing method can be noted.  Further 
information regarding details of glass manufactuirng terminology and the Fahnestock 
Tomb’s Tiffany glass can be found in Appendix E.  
155.  Pongracz, editor, Art of Devotion, 99. 
156.  Martin Eidelberg and Nancy A. McClelland, Behind the Scenes of Tiffany Glassmaking (New York: St. 
Martin’s Press, 2001), 45. 
157.  Eidelberg and McClelland, Behind the Scenes, 47. 
158.  Pongracz, editor, Art of Devotion, 111. 
159.  McKean, The “Lost” Treasures, 32. 
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6.1.2 Mortar Characterization 
 During the site visit to the Fahnestock tomb in November 2012, samples of 
surface grout, setting mortar, and the preparatory mortar substrate were collected from 
areas that were accessible and deteriorated within the interior. Although, this is neither 
a representative sampling nor a full stratigraphy for each type of mosaic, this was helpful 
to examine similarities and differences between each mosaic type and their deterioration. 
For each sample, the overall appearance was characterized and detailed with regards to 
its granulometry sorting, pore space, inclusions, color, and texture using a Leica MZ16 
stereoscope. (see Appendix F) Each of these different mortars was created specifically for 
appearance, strength, durability, and/or workability; thus with this detailed account of the 
samples preliminary conclusions were drawn about their function and deterioration.
 By comparing the sample set, preliminary comparative conclusions were made. 
The hand samples were observed using the Leica MZ16 stereoscope under 4x and 10x 
magnification. Following individual characterization, six samples were sorted into two 
categories; group A and group B. Group A are samples from the lunettes and pendentives 
and can be characterized as samples that have a discreet sand aggregate, coarse in texture, 
with little to no white blebs, and noticeable white powder crust on either side of the bulk 
sample. Group B a full stratigraphy of material from the dome and can be characterized as 
samples that have no discernible aggregate and are finely grained in texture, with a high 
density of visible white blebs most likely unmixed lime and fine grained black particles 
throughout the matrix. There is noticeable grey soiling on the flat surface of some samples 
and a thin layer of white powder on the others. Overall, the total sample set is homogeneous 
in color, ranging from light gray to light brownish grey; the slight variation in color is most 
likely due to the difference in soiling patterns. 
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6.2 Setting Mortar and Preparatory Layer of Mortar  
6.2.1 Mortar Analysis by Gravimetric/Acid Digestion Method  
 Mortar analysis is an important part of establishing historical context and 
intervention plans for older buildings. When creating a compatible repair and compensation 
mortar, characterizing the components of the mortar as well as its overall physcio-
mechanical properties is critical. Through this analysis the three important components of 
any mortar; the aggregate, the type of binder, and additives (if any) can be suggested. This 
analysis consists of four steps: microscopic analysis of binder, acid dissolution of all or part 
of the binder, mechanical separation of the fine fraction, and characterization of the course 
fraction or aggregates. The results of this analysis are most useful to extract aggregate 
for matching. This process was performed on the setting mortar; sample WOCE.C4, of the 
domed mosaic within the Fahnestock tomb to determine the approximate binder-aggregate 
ratio. This analysis will clarify the principle components of the setting mortar. However, this 
analysis has some limitations since the acid also dissolved not only the carbonate fraction of 
the binder but any calcareous aggregate used in the mix and some hydraulic compounds, if 
present.160
 The bulk sample of setting mortar was analyzed in reflected microscopy and 
characterized before crushing the sample. The sample was then ground into a fine powder 
with a ceramic mortar and pestle and dried in chemically untreated oven at 60°C for 24 
hours. After cooling, the sample was placed in a 600ml beaker and dampened with water. 
Following the previous step, 14% solution of hydrochloric acid was added to the powered 
sample to dissolve the binder and the reaction was observed. (see Figure 6.1) The digested 
sample was left for 24 hours, and then filtered with No. 4 filter paper to separate the course 
and fine fractions. Once the filtration process was completed, the fines and aggregate are 
dried, weighed, and characterized. 161
 The sample, WOCE.C4, setting mortar of the dome, exhibits a finely grained matrix 
with no aggregate yet a large constitution of white blebs or inclusions and a fine black 
160.  Jeanne Marie Teutonico, A Laboratory Manual for Architectural Conservators (Rome: ICCROM, 1988), 1.  
161.  Teutonico, A Laboratory Manual. 2. 
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particulate. The ground sample was highly reactive and readily dissolved. The following 
weight percentages were calculated: 83% acid soluble fraction and 17% fine fraction with 
0.01g of aggregate, which constituted a negligible amount unnecessary to include. (see 
Appendix G)
6.2.2 Chemical Spot Testing 
 Chemical spot testing is a method used to easily determine basic elements in a 
material. This test is a relatively simple procedure that can be done either in the field or in 
the laboratory. Depending on the elements within a sample, reactions and reagents yield 
changes in color or effervescence. This test may yield variations of results depending on 
purity of sample; thus this test should be repeated to ensure accuracy. Two samples were 
chosen from the mosaic inlaid within the dome of the interior, the setting mortar (WOCE.
C4) and the preparatory layer of mortar (WOCE.C3). Each sample was tested for both the 
presence of carbonates which suggested the presence of lime (calcium carbonate) and for 
gypsum (calcium sulphate dihydrate). The reactions of both samples were observed under 
Figure 6.1: Mortar Analysis by Gravimetric Acid Digestion Method (source: Kasey Diserens, 2013)
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115x magnification with a Leica MZ16 stereomicroscope using reflected light, objective 4x. 
 For each sample, a small portion of the setting mortar and substrate element was 
ground with a clean mortar and pestle, and placed into a weighing boat. Each sample was 
then transferred onto individual 2”microscope glass slides. (see Figure 6.2) Once the ground 
sample was placed onto the center of the slide it was treated with one drop 1:1 (14%) 
nitric acid (HCNO3) diluted in deionized water. The sample(s) were individually observed 
under the microscope. The presence of effervescence when the powdered sample came in 
contact with the nitric acid, confirmed the presence of carbonate. The sample of nitric acid 
and the powered solution was then gently mixed with a glass-stirring rod. The slides were 
than warmed on a hot plate to evaporate the acid, and observed under the microscope. The 
presence of characteristic pinnate crystals upon evaporation of the liquid, confirmed the 
presence of gypsum. 
 Each sample confirmed the presence of a carbonates (calcium or magnesium 
carbonate) and a very small amount of gypsum. There was a much clearer indication 
of gypsum within the preparatory layer of mortar (WOCE.C3) than the setting mortar 
(WOCE.C4). Although each sample verified the presence of lime and gypsum, further 
Figure 6.2: Chemical Spot Testing, Samples WOCE.C3 and WOCE.C4 (source: by author, 2013)
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characterization and testing should be done to fully interpret the different ratios to the 
whole for each sample. (see Table 1) Further testing was carried out on the setting mortar 
(WOCE.C4) to confirm the presence of gypsum and is detailed later in this chapter. 
6.2.3 Optical Polarized Light Microscopy 
 Optical Polarized Light Microscopy (PLM) of thin sections is used to characterize 
and interpret many materials used in building construction.162 For the purpose of this 
study, thin sections were prepared by National Petrographic Service, Inc. and used to better 
understand the construction phases of the interior mosaics and to further characterize the 
setting mortar (dome and pendentive) and preparatory mortar layer (dome) of the interior 
mosaics. Historical evidence suggested the presence of Keene’s Cement, typically used by 
Tiffany for his mosaic fabrication. There were three samples selected for thin sections: 
setting mortar of the dome, WOCE.C4, preparatory mortar layer of the dome WOCE.C3, and 
the setting mortar of the pendentive, WOCE.A1. Each sample was imbedded with a blue dye 
epoxy, to better observe pores and cracks within the sample once it was cut and mounted 
on a 1” x 2” Petrographic slide. These prepared thin sections slides were then examined 
under a polarizing microscope, Olympus CX31, with the assistance of senior petrographer, 
John Walsh, of Highbridge Materials Consulting Firm in Pleasantville, NY.  Viewing under 
transmitted polarized light the individual components were identified for each thin sections 
sample.
 
162.  Hernández, “A Technical Study,” 60. 
Table 1: Chemical Spot Testing Results 
CHEMICAL SPOT TESTING
WOCE.C3
WOCE.C4
SAMPLE ID CARBONATE GYPSUM
+
+ +
+
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 The sample, WOCE.A1 (pendentive) clearly shows a Portland cement matrix, 
characterized by readily visible cement grains of alite and belite, intermixed with poorly 
sorted sub-angular to angular aggregate. Scattered throughout its matrix is a large quality 
of relatively large pores compared to the aggregate size, which contain recrystallized calcite. 
(see Figure 6.3)
 The sample, WOCE.C3 (preparatory mortar layer in the dome) shows a calcareous 
matrix largely composed of a calcium carbonate matrix intermixed with large Portland 
cement grains of alite and belite. Within this sample there is no aggregate, yet scattered 
dense blebs of calcite, which appear to be lime. Through the matrix there are few smal 
sub-rounded pores, which may contain calcium carbonate and gypsum. The components 
of this sample characterize it as a lime cement mortar; mainly due to its inclusions of lime 
and presence of large groups of small belite crystals well mixed throughout the matrix. (see 
Figure 6.4)
Figure 6.3: Sample WOCE.A1 Petrographic Slide (1” x 1.5”) (source: by author, 2013) 
pores
aggregate
matrix
MM
Figure 6.4: Sample WOCE C3 Petrographic Slide (1” x 1.5”) (source: by author, 2013) 
pores
micropores
matrix
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 The sample, WOCE.C4 (setting mortar of the dome), shows a calcareous matrix 
largely composed of a calcium carbonate matrix intermixed with large Portland cement 
grains. There is no aggregate within this sample, yet dense lime pockets can be observed 
through the ground indicating the mortar is not well mixed. Throughout the matrix there 
are medium sub-rounded pores, which contain uncalcined material (lime and/or gypsum) 
recrystallized. The components of this sample characterize it as a lime and cement mortar; 
mainly due to its inclusions of lime blebs and the presence of large groups of small belite 
crystals within the matrix. (see Figure 6.5) 
 While all three samples can be characterized as having a lime and Portland cement 
blended binder, there are a few distinct characteristics that distinguish the samples WOCE.
C3 and WOCE.C4 both have the same matrix with similar cement grains in grain size and 
the presence of large groupings of small belite crystals; however, there appears to be slight 
higher quantity of belite crystals present within WOCE.C4. In comparison, WOCE.A1 retains 
a distinctly different matrix containing aggregate, a smaller amount of Portland cement 
grains, and smaller groupings of large belite crystals. The difference between the presence 
and size of belite crystals in each of the samples can be attributed to the material’s age; it is 
common that large groupings of small belite crystals are present in older cements and larger 
yet fewer crystals are found in more 20th century cement mixes.163 
163.  John J. Walsh, “Petrography: Distinguishing Natural Cement from Other Binders in Historical Masonry 
Construction Using Forensic Microscopy Techniques” Journal of ASTM International Vol 4, No. 1 (2007): 5. 
Figure 6.5: Sample WOCE C4 Petrographic Slide (1” x 1.5”) (source: by author, 2013) 
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matrix
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These distinguishing aspects of the binder in addition to the varying pore size and presence 
of uncalcined material suggest different mortar mixes. (see Table 2) A basic staining 
technique was performed to confirm the presence of sulfate minerals, such as gypsum, 
anhydrite, and ettringite.164Each sample was immersed for 2 minutes in a mixed solution of 
barium chloride and potassium permanganate in water.165 The coloration due to the excess 
permanganate was then removed by washing the sample in a saturated solution of oxalic 
acid. The procedure identifies gypsum, anhydrite, and ettringite but does not differentiate 
from them. After a period of 24 hours, the presence of excess potassium permanganate, 
magenta like in color, indicated the presence of sulphates.  All samples were observed with 
a slight magenta colored haze after 24 hours, indicating the presence of a form of calcium 
sulphate. However, this is a very basic and preliminary test and should be followed up by 
additional testing to determine the exact form of calcium sulphate mineral that is present. 
 In conclusion, the samples from the dome (WOCE.C3 and WOCE.C4) and the 
pendentive (WOCE.A1) are lime cement blended mortars and do not contain any 
gypsiferous or anhydrite-based binders such as Keene’s Cement as specified by Tiffany for 
his mosaics in the historical literature.166 The use of lime and cement mortars rather than 
fast setting gypsiferous setting mortars may be explained by Tiffany’s in-situ versus studio 
fabrication methods.  If a mosaic’s setting material is related to how the mosaic is fabricated 
and installed then it is likely that the dome and pendentive mosaics were laid out in advance 
164.  Walsh, Petrography, 5. 
165.  A.B. Poole and A. Thomas. “A Staining Technique for the Identification of Sulphates in Aggregates and 
Concretes.” Mineralogical Magazine, Volume 40 (September 1974): 316. 
166.  Glass Mosaics, 9. 
Table 2: Thin Section Comparison
* +/- indicate the presence and intensity 
THIN SECTION COMPARISON
WOCE.C3
WOCE.C4
SAMPLE ID PORTLAND CEMENT GRAINS
WOCE.A1
BELITE CRYSTALS MICROPORES AGGREGATE PORES
+++
++
+ +++ +++
+++
+
++, large grains
+
++
+, small grains
++, large grains -
- ++
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in individual designs, glued on paper as already described, and then brought on site to 
be installed in sections to adjust for the curvature of the dome and spandrels. This would 
have required a slower setting mortar to adjust them in place. Furthermore, it is likely that 
when Tiffany fabricated mosaics in his studio as prepared panels such as the lunettes, he 
would have used Keene Cement as he could appropriately control the environment for quick 
setting. Those mosaics designs most likely were pre-cast and brought to site for installation 
as a ready-made panel.  However, further testing of a more representative set of samples 
(including the lunettes) would need to be performed to confirm this hypothesis. 
6.2.4 PH Testing
 Testing for pH is a useful technique to determine how acidic or basic a solution 
or material is in any given situation. In particular in conservation, depending on the 
alkalinity or acidity of a material and depending on the materials in contact with one 
another, deterioration may occur. The pH of the setting mortar of the dome (WOCE.C4) was 
measured to ascertain if the loss of tesserae from the dome could be correlated to the pH of 
the setting mortar, especially in the presence of moisture.
 The two most common methods for testing the pH of a specific solution or material 
are by using the universal indicator solution and/or pH indicator paper. 
The universal indicator solution167 is a method which can test the pH of either a sample 
in solution or bulk through the demonstration of color change from red (acidic) to green 
(basic) within a range of 1-10. The pH indicator paper method is similar to the previous 
method, however it can only determine the pH of a sample in solution through the 
demonstration of color change; from red (acidic) to deep blue (basic) within a range of 0-13. 
 Separate samples of the same setting mortar were used for each pH testing method. 
For the first pH test, a small portion of bulk sample was used and one small drop of 
universal indicator solution was applied to its surface. Within seconds there was a distinct 
dark green color (pH 7) with deeper blue pockets (pH 10) close to the lime blebs visible 
167.  The universal indicator solution is a mixture of seven components: Isopropyl alcohol, methyl alcohol, 
phenolphthalein, bromothymol blue sodium salt, thymol blue sodium salt, methyl red sodium salt, and 
water (MSDC Material Safety Sheet, Universal Indicator Solution) 
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on the bulk sample. The color on the sample was matched to the pH color reference chart, 
and indicated that the surface of sample was neutral/basic mortar, formally known as an 
alkaline mortar. (see Figure 6.6)  
 To further confirm the rests of the first test, a second method was used with two 
types of pH indicator paper (pHydrion Insta-Check 0-13) and pH indicator paper with 
denoted ranges (Whatman type CS | pH 3.5-5.5, pH 6.0-8.1, and pH 9.5-12). First, the bulk 
sample was ground into a fine powder with a clean mortar and pestle (approximately 25g) 
and placed into a 250ml beaker. Then 50ml of deionized water (pH 7) was added the beaker 
with sample, stirred, and left for 24hours. After 24 hours, pH indicator paper (pHydrion 
Insta-Check) was dipped into the solution. There was an immediate color change from a 
colorless paper pH strip to deep blue, indicating a very basic (high alkaline) setting mortar 
with a pH of 13. Following, an additional test was performed using the same pH indicator 
paper method, yet using the pH indicator paper (Whatman Type CS).  For each paper strip 
denoting a particular range, three pH ranges were immersed in the solution of powered 
sample and deionized water. After a few seconds, each pH strip went to the highest pH 
indication color, indicating the solution was is higher than that of 12. 
Figure 6.6: pH Testing, Sample WOCE.C4 (source: by author, 2013)
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 From these two tests, the sample of the setting mortar tested can be concluded as 
highly alkaline. The observed high alkalinity of the setting mortar is a serious concern for 
the glass tesserae, which, in the presence of moisture can readily attack the glass, causing an 
adhesion failure and facilitating loss. 
6.3 Soluble Salts 
 Soluble salt identification was performed on efflorescence scrapings taken from 
surfaces of the tesserae and the setting mortar during the site visit in November 2012.  
Three to four samples were collected from areas of the mosaics associated with visible 
salt deposits. The majority of the micro-samples were collected from above the spring 
of the dome and from the northeast pendentives; both areas were accessible from the 
central scaffolding within the mausoleum. It is visibly evident that where soluble salts 
are present within the grout between the tesserae, tesserae have been lost.  The areas 
of exposed substrate visibly indicate that water is getting through the substrate. Where 
water is introduced into a material and salts are present, the salts will go into solution and 
migrate to the surface of the mortar via capillary action, and as water evaporates the salts 
will crystallize below and on the surface.  In particular for this mosaic, soluble salts and the 
presence of water are two deterioration mechanisms present that may be weakening the 
integrity of the overall mosaic. Using a semi-qualitative method by the use of indicator strips 
can identify the type and relative quantity of salts present and provide some clues as to the 
type of deterioration in progress and its causes.
6.3.1 Qualitative Salt Analysis  
 A qualitative salt analysis using various salt strips can determine the presence 
of salt ions. EM Quant strips were used to test for sulfates; HACH QuantLab strips were 
used to test for chlorides, and HACH Aquacheck strips were used to test for nitrites and 
nitrates. The following procedure was performed: A 1-gram micro-sample was oven dried 
at 60°C to attain a dry and constant mass, then the dried sample was weighed and mixed 
                                                                                                                                                       CHAPTER 6
113
with approximately 50ml of deionized water in a 250ml beaker. The mixture of sample and 
distilled water was stirred with a magnetic stir bar for two hours and then left to settle 
overnight. The solid residue was extracted from the mixture by filtration. The salt solution 
extracted was then applied to various ion strips (indicated above) with a Pasteur pipette. 
The semi-qualitative values are attained through color intensity indicated on ion strips and 
correlated with appropriate values. If the salts are imbedded within a material, the above 
method is most appropriate for testing; however if the salts can be removed directly from 
the deteriorated surface, samples can simply be dispersed into distilled water to create an 
aliquot solution. 
 Three salt samples were tested for this analysis, two individual samples removed 
from the surface of the dome (WOCE.C4.1) and from the pendentive (WOCE.A2), and 
the other sample of setting mortar was covered with salts from the dome (WOCE.C4.2). 
Each sample indicated the presence of sulphates, nitrites, and nitrites. (see Table 3) For 
this sample and in general, sulfates typically originate due to atmospheric pollution from 
surrounding environment, possibly caused by acid rain and/or fossil fuels.168 However, the 
presence of sulfates could also be an intrinsic component of the Portland cement binder as 
ettringite and calcium sulfate dihydrate used for the mosaic’s setting mortar or preparatory 
mortar layer.169 In contrast, nitrates, which oxidize into nitrates, generally originate from the 
decomposition of organic material, such as fecal matter such as bird droppings or decayed 
play material.170
168.  Lauren Reynolds Hall, “Characterization, Analysis, and Interpretation of the Surface Finishes of Kiva 
E, Long House, Mesa Verde National Park” (M.Sc. diss., University of Pennsylvania, 2007),108.
169.  Walsh, Petrography, 5. 
170.  Hall, “Characterization, Analysis, and Interpretation,” 109. 
SALT ANALYSIS
WOCE.C4.1
WOCE.C4.2
SAMPLE ID CHLORIDE (Cl   )
WOCE.A2
NITRITE(NO   ) NITRATE(NO   ) SULPHATE (SO   )432
-- - -
+
+
-
-
-
- +
+
+
+
+
+
Table 3: Salt Testing Results
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6.3.2 X-Ray Powder Diffraction for Salt Characterization
 X-Ray Diffraction (XRD) is a technique used to study the atomic structure of 
crystalline substances by noting the patterns produced by x-rays directed through the 
crystal. 171This technique infuses the sample with x-ray energy, which produces diffraction 
spectrum that can be compared and a match can be determined upon analysis through a 
database of known samples and reference patterns.172
 For this analysis, salt samples were collected directly from the surface of the dome 
(WOCE.C4.1) and pendentive (WOCE.A2) and were compared to further determine the 
mineralogical composition of the sulphates identified in previous semi-qualitative salt 
analysis. Results detailing the type of sulphate mineral currently present in the given 
samples will aid in further understanding of the possible deterioration mechanisms and the 
severity of the condition currently occurring within mosaics mortar compositions. 
 A mortar and pestle was used to ground both salt samples into a fine powder to 
then each sample was dispersed separately into a solution with distilled water. The solution 
was then heated on a hot plate at low heat and stirred continuously to completely dissolve 
the salts into solution. Before the salt solution was deposited onto a 1” x 1.5” frosted glass 
slide, a border of petroleum-based vacuum grease was painted along the edges of the slide 
to contain the salt solution. The prepared frosted slide was then placed on a hot plate at a 
low setting while the salt solution was deposited onto the slide using a pipette. The solution 
was deposited in a sequence of layers on the surface of the slide. As the surface evaporated 
the liquid solution, a thin crystalline film formed of randomly assorted salt particles across 
the surface. This was done until the slide was completely covered with a homogenous hard 
white film across the slide’s surface. 
 Once prepared the sample was then wrapped in weighing paper and transported 
for analysis. The X-Ray Diffraction procedure was performed on a Rigaku Powder 
Diffractometer by Steve Szewczyk at the Laboratory for Research on the Structure of Matter 
at the University of Pennsylvania’s, School of Sciences and Engineering. (see Figure 6.7)
171.  Drapala, “Rediscovering an American Master,” 159. 
172.  Drapala, “Rediscovering an American Master,” 160. 
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 Testing confirmed the presence of Gypsum (Calcium Sulfate dihydrate) in sample 
WOCE.A2 and the presence of Sodium Sulfate, Calcite, and Sodium Zinc Sulfate in sample 
WOCE.C4.1. (see Appendix H) This conclusion suggests that there are aggressive salts 
deteriorating the mortar. These salts most likely have originated from the intrinsic 
composition of the mortars, however they could be coming from the dome’s core/
waterproofing material on the outer shell of the dome. Further physical investigation should 
be carried out to determine the origin of the salts. 
Figure 6.7: Testing Facilities at Laboratory for Research on the Structure of Matter at the 
University of Pennsylvania’s, School of Sciences and Engineering (source: Laura Lacombe, 
2013)
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Chapter 7    Diagnostics 
 During the course of this study to evaluate the possible causes for the deterioration 
of the Fahnestock tomb glass mosaics, three factors became evident: the mosaic 
construction materials and techniques, the internal environment, and the mausoleum’s 
masonry envelope. 
Use and Maintenance 
 To understand the present state of the mosaic, detailed narratives of past and 
current conditions are detailed below. Since 1896, the Fahnestock mausoleum has served 
as a mortuary structure for the Fahnestock family with burials occurring from 1891-1981. 
During that burial period the mausoleum received routine care.  The last dated record 
in the 1980s, indicates the family kept a strict maintenance schedule for the interior and 
exterior cleaning of the mausoleum.173 From the late 19th century to the middle of the 20th 
century, Woodlawn Cemetery’s foremen most likely performed seasonal maintenance for 
the mausoleums; which entailed opening up their inner doors during the warmer months 
to provide ventilation and air circulation for the interior enclosed space. In the later years, 
family burials were not as frequent, visitation and maintenance protocol became lax and 
decreased over time. The lack of tomb inspection and maintenance and overall repair of the 
mausoleum has facilitated its current deteriorated state. 
 In the following decade, water intrusion during a period of high annual precipitation 
(rainfall of 49.69 inches) coupled with the deterioration of the dome’s lead T-joints have 
created areas where water has become entrapped creating favorable environments for 
invasive vegetation to grow within the joints, further entrapping moisture and allowing 
water to infiltrate into the interior masonry shell of the dome. Due to this water infiltration, 
the interior dome’s waterproofing and drainage system failed. In January 2013, a HOBO U12 
Temperature/ Relative Humidity Data Logger was installed in the interior chamber of the 
mausoleum midway up the wall and monitored over a course of three months. (see Appendix 
I) The results of the monitoring indicate a relatively constant temperature during the 
173.  Fahnestock, Harris C., Fahnestock Papers, 1872 - 1912, New York Historical Society. 
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winter ranging from 30°F to 42°F, with relative humidity levels ranging from 50% to 100%; 
indicating an excess of moisture depending on external weather events and poor ventilation 
for the interior chamber. 
 These interior conditions, although monitored for only three months, suggest high 
humidity levels are the result of water intrusion from the exterior, and probably the dome.  
Once moisture enters, it remains saturating porous surfaces such as the marble and mosaic’s 
bedding and setting mortars. The present conditions are at a critical point; if not addressed 
in a timely manner, further loss of its historic fabric and the overall integrity of this Tiffany 
mosaic will be lost. 
Materials, Manufacture, and Installation 
 Knowing the relative composition and properties of the setting and preparatory 
mortar layers of the mosaics and confirming their composition with additional tests (pH and 
salt), it can be determined that the mosaic conditions are directly related to the composition 
of the mortars’ reaction with water infiltration. These reactions contributed and accelerated 
the deterioration of the mortar and glass surface. 
 Understanding the differences between the mortars used in each mosaic campaign 
and the locations of each mosaic, comparisons can be made in relationship to their 
composition, location, and current conditions. Before the 20th century, mosaics were 
generally laid in lime-based substrates due to their permeable and less rigid properties 
compared to the hardness of cementitious substrates.174 Compatibility is important, as 
their chemical composition and physic-mechanical properties directly affect one another. 
Therefore, if the properties of the mosaic’s mortar substrate and the glass tesserae are not 
compatible, deterioration of the glass will occur, given its chemical vulnerability to high pH 
and its brittleness under stress. There appears to be a difference in rigidity of the setting 
mortars between the dome and pendentives, which helps to explain the lack of fractured 
tesserae in the dome, and excessive fractured tesserae in the lunettes and pendentives.  In 
both cases it is the normal loading and movement of the respective architectural elements 
174.  Hernández, “A Technical Study,” 62. 
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(e.g., dome and walls) that appear to be the causal agent of stress. For a structure of this age, 
it is typical to see general weathering of materials and contained movement of the structure. 
Thus, as a result of age and location within the interior structure, compression cracks are 
present through the lunette panels are normal and appear to be cosmetic in nature. As with 
all interior spaces, when water begins to infiltrate, material performance issues may arise. 
This is certainly the case with the Fahnestock tomb’s interior mosaics, and poses a severe 
condition for the masonry in general especially due to the crystallization of gypsum salts. 
Moisture and Permeability
 The presence of moisture affects and decreases the performance the mosaics’ 
mortar substrates and the glass tesserae. Thus, when water is introduced by infiltration 
and condensation creating a humid interior microclimate deterioration begins.. Through 
observation,  two different processes appear to be occurring simultaneously on opposite 
sides of the mosaic tesserae and the severity of the condition differs by location. Due to 
water infiltration, the preparatory and setting mortars are deteriorating behind the glass 
causing spalls and clouding from salt crystallization. Evidence of such deterioration is also 
visible on both sides of the glass; where visible white traces are seen on the back and edges 
of the fallen glass tesserae and visible salt and soiling deposits are seen on the grout surface. 
 The most severe deterioration of the mosaic substrate is seen at the edges of the 
mosaic designs, where water infiltration has permeated the materials in isolated pockets. 
For instance, once water enters the exterior shell of the structure though the open joints 
of the masonry dome, it is unable to evaporate due to poor air circulation/ ventilation and 
blocked vents.  The moisture begins to percolate through the dome’s core towards the 
preparatory layer of mortar and beyond into the mosaics thus weakening the mosaic’s 
support layers. Water also accumulates on the interior structural masonry, which supports 
the interior framework that supports the dome, particularly in areas adjacent to the 
masonry ring and joint openings where lunettes were inserted into the interior framework. 
Significant deterioration is observed where conditions of preparatory mortar loss and 
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extreme efflorescence are present. The efflorescence on the surface is a result of water 
moving through the pore matrix of the mortar and salts, either intrinsic to the mortar 
material or from the domes’ brick core, and are  crystallizing as they rise through capillary 
action and evaporate onto the surface. However, due to the excessively high humidity levels 
within the interior of the mausoleum, water evaporation is slower, allowing more salts 
to go into solution and eventually crystallize as the RH changes. From analysis of select 
samples of salt from the dome and pendentive, we have confirmed the salts contain gypsum 
and sodium sulfate, a most aggressive salt. However further investigation is to be done to 
understand the origin of the salts presence, it is most likely from the mortar composition 
itself or from the domes core. 
 Both the mortar and the glass tesserae, contain alkalis that are susceptible to 
deterioration in the presence of water.175 As a consequence of interior high humidity levels, 
it appears at time the setting mortar is damp, which allows moisture attacks the glass 
surface by solubilizing the silica structure of the glass directly. The high mobility and small 
size of hydrogen ions present enter into the glass structure and leach out alkali ions, such 
as sodium, and accelerate the deterioration of the silica network of the glass. 176 When the 
alkali ions -- the main components of the silica glass structure -- are removed, shrinkage and 
possible generation of cracks in the glass tesserae will occur. In the case of the Fahnestock 
mosaics, an intermediate layer of leached alkali ions in combination with the high pH in 
the setting mortar, have caused the adhesive bond between to the two materials to fail.  As 
a result, tesserae detach leading to loss. The deterioration on the exposed surface of the 
glass is explained by condensation produced by the interior climate of the mausoleum. 
As water wets the glass surface, a process similar to the one explained above occurs and 
attacks the surface and solubilizes the silica structure directly; resulting in shrinkage and 
the generation of cracks. Furthermore, if the glass is not washed regularly, the extracted 
alkali ions that are concentrated on the surface of the glass will increase the alkalinity of 
the subsequent wetting cycles, further solubilizing the network of the glass.177 This appears 
175.  Hernández, “A Technical Study,” 40. 
176.  Davidson and Newton, Conservation of Glass, 175. 
177.  Getty, Conservation of the Last Judgment Mosaic, 168. 
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to be the case in the lunettes and pendentives where there is visible evidence of fractures 
within the tesserae.  
 In the dome, the tesserae pieces display no evidence of fracturing. This may be 
attributed to the difference in mortar mixes and their properties or as a consequence of 
their location. The combination of both deterioration mechanisms is detrimental to the 
individual glass tesserae and the overall design of the mosaic.  The cohesion of the mosaic 
will be lost with further deterioration. As the interior condition temperature and relative 
humidity fluctuate—these saturated materials slowly move; due to hydric expansion and 
contraction and stress their adhesion to each other. As a consequence, in conjunction with 
previously mentioned deterioration mechanisms, partial loss of the dome’s tesserae are 
actively occurring due to the effects of salt formation. 
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Chapter 8    Recommendations and Conclusions 
 The delicate colorful mosaics found in the interior of the Fahnestock mausoleum 
in contrast with the subtle and monochromatic details of the exterior granite masonry 
describe the elegance and beauty of the structure’s classical design. Tiffany advertised 
his glass as being durable and water resistant.178 In addition, he put emphasis on the 
importance of a durable, compatible and flexible cement to allow for a seamless union with 
the tesserae and the structure. When the mausoleum was constructed, it was intended to 
be an enclosed, dry, and aboveground burial chamber. The materials used were chosen for 
their durability thus reducing the need for strict maintenance protocol.  Over 100 years, the 
exterior granite has proven to be durable, however lack of periodical maintenance over the 
years, has led to water intrusion, which has affected interior mosaic surface decoration. 
8.1 Recommendations 
 After review and research of past and current literature on glass mosaic 
conservation, the following detailed conservation plan addresses the current levels of 
deterioration observed in the Fahnestock tomb glass mosaics. These recommendations 
are basic in nature and could possibly change as more information is gathered and further 
analysis is done on the mosaics. The recommendations provided are presented in a 
sequence, prioritized according to the level of importance for each phase of restoration, 
keeping in mind that all stages of mosaic conservation should be in-situ, whenever possible, 
as mosaics are best viewed in their original context. 179 It is recommended that all additional 
treatments be carried out in situ to determine the best cleaning and consolidating methods. 
Structural Stabilization
 First and foremost, the exterior envelope of the mausoleum must be sealed to 
prevent further damage to the interior mosaics. Eliminating the water will ultimately 
178.  Glass Mosaics, 8. 
179. The Getty Conservation Institute,”Lessons Learned: Reflecting on the Theory and Practice of Mosaic 
Conservation.” (Los Angeles: The Getty Conservation Institute, 2008),120. 
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improve the interior climate conditions and effectively reduce the presence of the majority 
of the conditions observed; thus creating a stable environment for conservation treatments 
to occur. The first step in sealing the exterior envelope of the building is to completely arrest 
the entrance of water. (see Figure 8.1) This can be achieved by following this next sequence 
of steps:
•	 Remove all intrusive vegetation growing between the joints of the 
masonry dome; special attention should be paid to the size and 
depth of the roots to ensure they have not penetrated deep enough to 
disrupt the intact masonry system
•	 Clean any remaining debris from joints and recap joints with lead 
t-joints
•	 Inspect and fix the interior ventilation system and all exterior and 
interior vents to ensure they are in working order
•	 Inspect waterproofing membrane on the interior shell of the dome, 
replace or repair if necessary to prevent further water infiltration 
•	 Record interior environmental data on HOBO U12 Data Logger, and 
compare data from November 2012 to date, observing the humidity 
levels as the repairs commence. The levels of relative humidity 
should reduce once the water source is arrested
 All of the above steps should be performed before conservation work on the interior 
mosaics begins; with the exception of the emergency interior mosaic stabilization to prevent 
further loss of individual tesserae which is the most visually detracting and detrimental 
condition affecting the integrity of the mosaic design. 
Emergency Interior Mosaic Stabilization 
 This phase of the restoration process consists of temporarily stabilizing the fragile 
areas of the mosaic surfaces, which occur particularly on the dome, and in smaller areas 
on the lunettes and pendentives. This is the only treatment that can occur simultaneously 
while water intrusion is arrested and until a more permanent treatment is performed. 
The areas of the mosaic that need to be stabilized are areas that exhibit visible tesserae 
detachment and where loss of the tesserae is at risk. Typically, this treatment involves two 
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steps, production selection and application. Product selection would take into consideration 
the precarious location and loss of fragile tesserae mainly on the domed surface. A flexible 
textile or wet strength paper and easily applied adhesive, such as Aquazol 100 (20% 
in acetone) or 20% Paraloid B-72. In application, care should be taken to ensure that 
the mechanical action of applying the paper or fabric and adhesive does not detach the 
fragile mosaic surface of the dome. This treatment is meant to be reversible; therefore it is 
necessary that the adhesive chosen for installation does not require an aggressive solvent 
to remove the material on the mosaics. Before selecting areas for this treatment, a physical 
survey of tesserae detachment should be done with light sounding on the mosaics surface, 
since only a visible inspection was performed in November of 2012.  This will ensure all 
areas of deterioration are accounted for and prevent further loss of the intact historic 
mosaic fabric. 
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Figure 8.1: Fahnestock Mausoleum, Roof Condition (source: by author, 2013)
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Cleaning
Mosaic Surface
 Over time, the vibrantly colored surfaces of the interior glass mosaic and grout 
have darkened from soiling due to air pollutants and water contamination. The removal 
of this patina of dirt and corrosion is necessary to return the visibility of the mosaics 
composition and ensure proper adhesion of any future consolidation coatings.180 Suggested 
cleaning methods are a mild-non-ionic detergent that can be applied easily and manually 
manipulated on the surface or the use of a mild ‘dry-cleaning’ method.  Before the cleaning 
solution is chosen, in-situ testing of a variety of products should be observed on small areas 
of the mosaic.  
Efflorescence	
 Efflorescence is a direct result of humidity and the presence of moisture; typically 
assumed to be a seasonal problem.181The intensity of efflorescence typically increases 
after a rainy winter season, decreases in the spring, and by summer has practically 
disappeared.182In the case of the Fahnestock mosaics, efflorescence will not be a severe 
condition nor occur as often once the water source and the cause for humid conditions are 
removed. Efflorescence can be mechanically removed by brushing with a soft brush., In this 
particular case, efflorescence in most areas of the pendentives and lunettes can be removed 
with mechanical cleaning; however, in some areas where salts have infused the matrix of the 
materials, i.e. the exposed preparatory layers of mortar by the masonry ring of the dome, a 
passivating treatment such as barium hydroxide may be necessary to immobilize the sulfate 
salts and partially consolidate the deteriorated mortar.  Concluding the salt analysis on 
select samples, the salt was determined to be gypsum; it is necessary to investigate further 
to see where the gypsum salts are coming from, possible locations include the setting 
mortar itself or the domes core. Further collection and analysis of a more representative 
180.  Hernández, “A Technical Study,” 69. 
181.  Robert J. Flatt, “Salt Damage in Porus Materials: How High Supersaturations are Generated.” Journal of 
Crystal Growth 252 (2001): 435. 
182.  Flatt, “Salt Damage,” 435. 
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sampling of salts in various locations within the interior mosaics is recommended for 
proper treatment. 
Consolidation
 Before the mosaic designs can be restored, the existing fabric must be stabilized. 
Stabilizing the existing conditions will ensure proper cohesion between the new and old 
materials. First, temporary stabilization efforts in previously treated areas should be 
delicately removed. Second, an adhesive such as Paraloid B-72 should be used in areas of 
detached tesserae to restore adhesion with the substrate. In some cases, consolidation is 
recommended to reestablish the material’s microstructure and/or to create an isolating 
film to prevent further deterioration between two materials.  For the Fahnestock mosaic, 
this could be an effective treatment for two different instances of the dome’s mosaics, the 
preparatory layer and its setting mortar. For the preparatory layer of mortar, consolidation 
is necessary due its excessive deterioration caused by sulfate salts. For the exposed areas of 
preparatory mortar layers, a treatment of barium hydroxide could be used to passivate the 
sulfates and reestablish the micro-cohesion of the surface by forming an insoluble Barium 
Sulfate compound.183 This treatment will prevent the soluble salts from recrystalizing over 
time and will not interfere with any future conservation treatments.184
 In the case of setting mortar, an isolation layer of Paraloid B72 between the glass 
tesserae and setting mortar is recommended to prevent the high alkalinity of the mortar 
from detrimentally affecting the glass. If a pH level of 9 or below can be achieved the silica 
network will remain unaffected185, and allow for proper cohesion between the setting 
mortar and glass tesserae.186  This treatment could be applied to exposed areas of setting 
mortar before re-pointing and relaying tesserae to return the mosaic’s integrity. 
183.  Hall, “Characterization, Analysis, and Interpretation,” 86. 
184. Hall, “Characterization, Analysis, and Interpretation,” 83. 
185.  Davidson and Newton, Conservation of Glass, 176. 
186.  Davidson and Newton, Conservation of Glass, 179.
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Compensation
 Compensation is recommended in some areas of loss in the Fahnestock’s mosaic 
composition.  This treatment would consist of a series of steps including: re-pointing, re-
grouting, and re-laying tesserae. The compensation of these areas with new mortar and 
tesserae will help return the stability and design integrity of the decorative surface and 
protect the adjacent tesserae from future loss. In most cases, when new material is used 
in repair of an existing surface, mortar should match the existing color and compatibility 
of mosaic composition. Regarding the replacement and/or relaying of the glass tesserae, a 
complete count of lost individual tesserae is essential. Over the past few years, foremen of 
Woodlawn cemetery have collected and stored fallen tesserae. To date, there are 194 dome 
tesserae and two complete lunette/pendentive pieces that have been collected, in addition 
to many tesserae fragments. During the recordation process of the areas of partial loss, a 
preliminary tally of missing tesserae was taken; totaling 572 pieces (1/2” by 1/2”) missing 
from the dome mosaic and 55 pieces (3/4” x 5/8”) missing from the lunette/pendentive. 
In order to complete and restore the mosaic surface approximately 378 pieces are needed.  
It is recommended that all collected pieces of Tiffany glass be reintegrated into the most 
visible areas of the mosaic’s surface. However, where there are remaining voids, in-kind 
replacement glass should be acquired. Fortunately, the New York Historical Society acquired 
partial and full sheets of colored Tiffany glass after the Tiffany Glass Studio closed. An 
assortment of that glass is now in the materials collection at the University of Pennsylvania’s 
Architectural Conservation Laboratory. This could be a possible source for replacement 
tesserae. When the mosaic is restored, as with any intervention, it must be documented and 
clearly distinguished from the original tesserae. 
Cracking 
 There are two types of cracks present within the mausoleum: compression cracks 
through the lunette panels, and fractured tesserae throughout individual pieces within the 
lunettes and pendentives. Both types of cracks do not appear to be lengthening or causing 
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instability to the entirely of the mosaic composition but are likely to be cosmetic alterations 
not disrupting the setting mortar beneath Further testing should be performed in-situ to 
choose an appropriate resin adhesive, that would not visibly alter the surface of the mosaic 
and perform well in outdoor environment. Since the fractured tesserae are merely an 
aesthetic alteration and only mildly visible, it is recommended to leave these tesserae as is—
as a treatment may cause more attention to them in the mosaic composition. 
 Although there is no visible evidence or signs that the cracks in the lunettes are due 
to corrosion of its interior framework, further physical investigation is recommended to 
add to the construction documents of the Fahnestock glass mosaics and to provide more 
information on the construction methods of Tiffany’s earlier mosaic panels. This can be 
determined by non-destructive testing means using magnetometry equipment that will 
detect if metal reinforcement was used. 
Long Term Maintenance 
 To complement the above mentioned treatments, a long-term maintenance plan 
should be devised for the Fahnestock tomb and its interior glass mosaics. This survey 
would require cemetery personnel to annually or bi-annually perform an inspection of 
the mausoleum and record observations of its condition on a detailed checklist outlining 
the critical areas of the mausoleum and interior mosaics. Performing this survey would 
confirm that no further damage has occurred since the repairs and/or alert the staff of any 
unexpected new deterioration.  The survey’s preliminary checklist could not only be used 
for the Fahnestock Mausoleum, but for the entire inventory of the cemetery’s mausoleums 
and would ultimately provide the cemetery staff with needed knowledge regarding 
mausoleum conditions.  This survey has the potential to provide an “early warning” of the ‘at 
risk’ states of the mausoleums, similar to a ‘monument watch-list’.
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8.2 Conclusions
 The interior glass mosaics of the Fahnestock Tomb represent an intact and 
significant resource within The Woodlawn Cemetery’s mortuary decorative arts collection 
and the legacy of Louis Comfort Tiffany’s mosaics. This mausoleum is an exquisite and 
rare example of a complete mosaic interior within a domed mausoleum designed by 
Edwin Blashfield and executed through the use of Tiffany’s brilliantly manufactured 
glass. Chronicling the evolution of this mausoleum’s construction and rare interior was 
an opportunity to document, study, and add to the body of knowledge of Woodlawn’s 
architecture and Tiffany’s mosaic designs. Through evaluation and comparative analysis 
of the mortars of the mosaic composition and visual characterization of Tiffany’s glass, 
further insight was gleaned into the materiality of the Fahnestock’s mosaics and Tiffany’s 
characteristic methods of mosaic fabrication. Hopefully the work will inspire others to 
research and conserve the remarkable collection of mortuary architecture and decorative 
arts at The Woodlawn Cemetery. 
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Harris C. Fahnestock Mausoleum, The Woodlawn Cemetery, Bronx, NY
1896 Section, Peabody & Stearn Architects 
(Souce: Avery Architectural Archives, 2012)
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APPENDIX B. ARCHITECTURAL CONSTRUCTION DOCUMENTS
Harris C. Fahnestock Mausoleum, The Woodlawn Cemetery, Bronx, NY
1915 Section, Rennovation, Peabody & Stearn Architects 
(Souce: Avery Architectural Archives, 2012)
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APPENDIX C. LOCATIONS OF TIFFANY GLASS MOSAICS
United States
California
Lake Merritt United Methodist Church, 1255 1st Ave., 1330 Lakeshore Ave., Oakland-    
 “Te Deum Laudamus” mosaics triptych (originally installed in First United    
 Methodist Church in Los Angeles). 
Connecticut 
Immanuel Congregational UCC (United Church of Christ), 10 Woodland St., Hartford-    
“The Sower” mosaic panel. 
The Mark Twain House and Museum (Samuel Clemens), 351 Farmington Ave., 
 Hartford-mosaic tile fireplace and comprehensive interior decorations.
Florida
The Charles Hosmer Morse Museum of American Art, 445 North Park Avenue, Winter    
 Park-The Tiffany Chapel, and an extensive collection of Tiffany glass, lamps,    
 windows. 
Illinois 
Marquette Building, 140 S. Dearborn Street, Chicago-Mosaic frieze. 
Chicago Public Library (Chicago Cultural Center), 78 E. Washington Street, Chicago-   
 mosaic interior, stained glass dome. 
Marshall Field Department Store (Macy’s on State Street), intersection of Randolph,    
State, and Washington Streets and Wabash Avenue, Chicago-mosaic dome. 
Congress Plaza Hotel & Convention Center, 520 S. Michigan Avenue, Chicago-ceiling    
 mosaics. 
Maine
Washington Baptist Church, 34 or 36 Washington Street, Eastport-The “Good  
 Shepard” mosaic. 
Maryland
First Unitarian Church of Baltimore, 1 West Hamilton Street, Baltimore-The Last     
 Supper” mosaic and windows. 
Old St. Paul’s Church, Charles and Saratoga Streets, Baltimore-mosaics, 9 windows,    
 mosaic reredos. 
Massachusetts 
Fredrick Ayer Mansion, 395 Commonwealth Avenue, Boston-extensive exterior &    
 interior mosaics, stained glass, interior design decorations.
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First Unitarian Church, 71 8th Street, New Bedford- “The Seeker” mosaic panel. 
 Pilgrim United Church of Christ, 635 Purchase Street, New Bedford-“The 
 Sower” mosaic panel. 
Central Congregational Church (now know as the Church of the Covenant), 67  
 Newbury Street, Boston-mosaic altar, stained glass windows, stone mosaic    
 floors. 
St. Matthew’s Church, 695 Southbridge St., Worcester-Mosaic alter and reredos. 
Michigan
The Farwell Building, 1249 Griswold St., Detroit-mosaic ceiling. 
Missouri
Cathedral Basilica of St. Louis, 4431 Lindell Blvd.,St. Louis-extensive interior mosaic    
 installations. 
New Jersey
Princeton, Princeton University, Alexander Hall, Princeton-windows and mosaics. 
Church of the Divine Paternity, Newark-Large mosaic panel back of the pulpit. 
St. John’s Church, Jersey City-mosaic memorial tablet. 
St. Hubert’s Chapel, Kinnelon-mosaic floor, altar, lectern, stained glass window. 
Grace Church, Madision-mosaic reredos, interior design and decorating.
New York: Manhattan, New York City
Advent Lutheran Church, 2504 Broadway (Northeast corner of 93rd Street)-mosaics    
 and interior decorations. 
Barnard College, Ella Week Room, Milbank Hall, 3009 Broadway-fireplace mosaics. 
Church of the Divine Paternity (now the Fourth Universalist Society), 160 Central     
 Park West (Southwest corner at 76th Street)-mosaics. 
Hudson Theater (now Millennium Broadway Hotel conference center), 145 West     
 44th Street-mosaics. 
Lillian Nassau LLC, 220 East 57th Street-decorative arts and mosaic pieces. 
Macklowe Gallery, 667 Madison Avenue-decorative arts and mosaic pieces. 
Metropolitan Museum of Art, 1000 Fifth Avenue-Laurelton Hall Loggia, mosaic 
 column, Garden Landscape and Fountain, mosaic drawings. 
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New York University, 100 Washington Square East-“Truth” mosaic. 
St. Agnes Church-mosaics in nave and chancel including lectern, chair, altar, sedilia,    
altar, rail, pulpit. 
St. Francis Xavier Church, 30 West 16th Street-windows, mosaics. 
Saint Ignatius Loyola Church, Park Avenue and 84th Street-ornamental glass for 
 baptistery dome. 
St. James’ Church, Madison Avenue and 73rd Street –mosaic alter and reredos. 
St. Michael’s Episcopal Church, Amsterdam Avenue and 99th Street-chancel window,    
mosaic reredos, decorations, altar, altar rail. 
Seventh Regiment Armory, 643 Park Avenue-Veteran’s Room decorations, mosaics. 
Other New York City Boroughs
Christ Episcopal Church, 326 Clinton Street (corner of Kane Street), Brooklyn- 
 windows, chancel, altar, reredos, pulpit, lectern, and railing. 
First Unitarian Church, 48 Monroe Place, Brooklyn-windows, possibly mosaics in     
 sanctuary, chapel screen. 
St. Mathew’s Church, 6th Avenue and 2nd Street, Brooklyn-mosaic altar and reredos. 
 Woodlawn Cemetery, 501 East 233rd Street, Bronx-The Fahnestock 
 Mausoleum, Warner Tomb, and Swan Tomb mosaics. 
The Charles Pratt Mausoleum, Glen Cove, Long Island-mosaic. 
New York State, alphabetical by city
Madison Avenue Reformed Church, Albany-baptismal font of Sienna marble and     
 Favrile glass mosaic. 
Willard Memorial Chapel, Auburn-windows, furniture, mosaics, lights. 
New (First) Presbyterian Church, Bath-mosaic altar, stone mosaic floor, lighting     
 fixtures, windows and decorations. 
First Presbyterian Church, Binghamton-mosaic memorial tablet. 
Christ Episcopal Church, Corning-mosaic reredos, windows. 
Chapel of Sanitarium Apartment Buildings, Clifton Springs-“Last Supper” mosaic. 
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Chapel of St. Joseph’s Seminary, Dunwoodie-mosaic altars. 
Irvington Public Library, Reading Room, Irvington Town Hall-mosaic walls, glass     
 sconces.
Christ Church, 141 East Avenue, Rochester-“Last Supper” mosaic. 
Christ’s Church, Rye-windows and chancel decorations. 
Yaddo Mansion, Union Avenue; Saratoga Springs-fireplace mosaic.
St. Paul’s Episcopal Church, Troy-windows, mosaic reredos, and altar rail. 
Ohio
Green Lawn Cemetery, 1000 Green Lawn Avenue, Columbus-Huntington Chapel     
 Mausoleum, mosaics and window. 
Lake View Cemetery, Cleveland-Wade Memorial Chapel, mosaics. 
Christ Church, Cincinnati-mosaic reredos, altar. 
Pennsylvania
United States Mint at Philadelphia (the 4th Mint), 151 North Independence Mall     
 East, Philadelphia-mosaic lunettes and panels. 
United States Mint at Philadelphia (the 3rd Mint), (currently Philadelphia Community    
 College), Spring Garden Street between 16th and 17th Streets, 
 Philadelphia-mosaic floors and vaulted ceilings.
The Curtis Publishing Building lobby (currently The Curtis Center) 601-45 Walnut     
 Street (Independence Square West) Philadelphia-Dream Garden Mural     
 mosaic. 
St. Lukes’s Episcopal Church, 232 Wyoming Avenue, Scranton-altar, reredos, 
 baptistery, mosaics. 
University of Pennsylvania, Museum of Archeology and Anthropology, 3260 South    
 Street, Philadelphia-exterior mosaics. 
Rhode Island
Covent Chapel, Elmhurst, Province-mosaic altars.
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Virginia (VA)
St. Paul’s Episcopal Church, 815 E. Grace Street, Richmond-“Last Supper” mosaic.
Other Countries
England
Haworth Art Gallery, Haworth Park, Manchester Road, Accrington, Lancashire-    
 largest collection of Tiffany glass and mosaics in Europe, donated by Joseph    
 Briggs. 
Japan
The Louis C. Tiffany Muesum in Nagoya-Nagoya. 
Mexico
Palacio De Bellas Artes, National Theater, Mexico City-mosaic curtain. 
* List of known Tiffany Glass Mosaics directly from Edith Crouch’s 2009 publication, The Mosaics 
of Louis Comfort Tiffany (Pennsylvania: Schiffer Publishing Ltd., 2009)
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SAMPLE SCHEDULE 
WOCE.A1
SAMPLE ID LOCATION/DESCRIPTION ANALYSIS
WOCE.A2
WOCE.B2
WOCE.B3
WOCE.C2
WOCE.C3
WOCE.C4
WOCE.C4.1
WOCE.C4.2
NE Pendentive, Setting Mortar
NE Pendentive, Salts
E Lunette, Fill Grout
E Lunette, Grout
Dome, Grout
Dome, Preparatory Mortar Layer
Dome, Setting Mortar
Dome, Salt and Setting Mortar
Dome, Salts
Thin Section
Visual Characterization
Visual Characterization
Visual Characterization
Qualitative Salt Analysis
Qualitative Salt Analysis, XRD
Thin Section, Chemical Spot Test
Thin Section, Mortar Analysis, 
pH Testing, Chemical Spot Test
Qualitative Salr Analysis, XRD
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SAMPLE SCHEDULE 
WOCE.A1
SAMPLE ID LOCATION/DESCRIPTION ANALYSIS
WOCE.A2
WOCE.B2
WOCE.B3
NE Pendenti ve, Setti  ng Mortar
NE Pendenti ve, Salts
E Lunett e, Fill Grout
E Lunett e, Grout
Thin Secti on
Visual Characterizati on
Visual Characterizati on
Qualitati ve Salt Analysis, XRD
N
WOCE.A1
WOCE.A2
147
WOCE.B3
WOCE.B2
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SAMPLE SCHEDULE 
SAMPLE ID LOCATION/DESCRIPTION ANALYSIS
WOCE.C2
WOCE.C3
WOCE.C4
WOCE.C4.1
WOCE.C4.2
 Dome, Grout
 Dome, Preparatory Mortar Layer
 Dome, Setti  ng Mortar
 Dome, Salt and Setti  ng Mortar
 Dome, Salts
Visual Characterizati on
Qualitati ve Salt Analysis
Qualitati ve Salt Analysis, XRD
Thin Secti on, Chemical Spot Test
Thin Secti on, Mortar Analysis, 
 pH Testi ng, Chemical Spot Test
N
WOCE.C4/ WOCE.C4.1
WOCE.C3
WOCE.C4.2
WOCE.C2
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GLASS MANUFACTURING TERMINOLOGY
Hammered- similar to plating, yet involves the process of passing a roller with a hammered 
texture over it as the glass cools, resulting in a patterned surface. Often used in conjunction with 
plating, this effect is typically used mute the color of the glass.  
Plated- Layering of glass--laying one pieces over another to create 
shadows, contour, and depth to any composition. Process involved soldering two or more layers 
atop the other. 
Streaky- the involvement of two or more colors, up to five in a single batch, created glass that 
has swirls of color throughout its composition.
Iridescent Tiffany’s signature glass. Highly reflective and typically changes color depending upon 
that angle which you view it. 
Metallic Foiled- involved the process of plating metallic foil on the surface of glass-embedding it 
into the molten material. Often paired with translucent glass, to enhance the reflective qualities 
of both. 
Drapery (Confetti/Foliage)- earliest of Tiffany’s glass. Involves the process of pushing and 
twisting the glass to make a ‘draping’ effect of a three-dimensional surface. Results are a highly 
textured glass with many folds and patterns.
* Manufacturing Terminology has been adapted form Martin Eidelberg and Nancy A. McClelland, Behind 
the Scenes of Tiffany Glass Making: The Nash Notebooks (New York: St. Martin’s Press, 2001) and Patricia 
C. Pongracz,  Louis Comfort Tiffany and the Art of Devotion. (New York: Museum of Biblical Art in Associa-
tion, 2012)
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*Pieces of Tesserae from the Fahnestock’s Mosaic Dome (source: by author, 2013)
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*Pieces of Tesserae from the Fahnestock’s Mosaic Dome (source: by author, 2012)
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*Pieces of Tesserae from the Fahnestock’s Mosaic Lunettes and Pendentives 
(source: by author, 2013)
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*Pieces of Tesserae from the Fahnestock’s Mosaic Lunettes and Pendentives
(source: by author, 2013)
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Architectural Conservation Laboratory
University of Pennsylvania
MORTAR ANALYSIS
Project/Site: Fahnestock Tomb Glass Mosaics; Woodlawn Cemetery, Bronx, New York
Location: Dome, Setting Mortar
Date Sampled: November 26, 2012
Analysis Performed By: A. Kress
Date Analyzed: March 22, 2013
DESCRIPTION OF SAMPLE
Surface Appearance: Smooth surface, homogeneous mixture
Color: Light grey-tan in color with visible white inclusions and black specks throughout the sam-
ple matrix
Hardness: High
Gross Weight: 26.01g
COMPONENTS
Fines:
Color:   Light White/Grey; Munsell Color 2.5Y9/1 “white”
Weight:  4.24g
Weight %:  17%
Acid Soluble Fraction:
Description of Reaction: Highly Reactive to HCL
Filtrate Color:  Bright Neon Yellow
Weight:  21.67g
Weight %:  83%
Aggregate:
None; negligible amount of approximately .01g
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